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ADVEKTISEMENT. 


This  volume  forma  the  nineteenth  of  a  series,  composed  of  original  memoirs  on 
different  branches  of  knowledge,  published  at  the  expense,  and  under  the  direction, 
of  the  Smithsonian  Institution.  Tlie  publication  of  this  series  forms  part  of  a  general 
plan  adopted  for  carrying  into  effect  the  benevolent  intentions  of  James  Smithson, 
Esq.,  of  England.  This  gentleman  left  his  property  in  trust  to  the  United  States 
of  America,  to  found,  at  Washington,  an  institution  -which  should  bear  his  own 
name,  and  have  for  its  objects  the  "increase  and  diffusion  of  knowledge  among 
men."  This  trust  was  accepted  by  the  Government  of  the  United  States,  and  an 
Act  of  Congress  was  passed  August  10,  1846,  constituting  the  President  and  the 
other  principal  executive  officers  of  the  general  government,  the  Chief  Justice  of 
the  Supreme  Court,  the  Mayor  of  Washington,  and  such  other  persona  as  they  might 
elect  honorary  members,  an  establishment  under  the  name  of  the  "Smithsonian 
Institution  for  the  increase  and  diffusion  op  knowledge  among  men."  The 
members  and  honorary  members  of  this  establishment  are  to  hold  stated  and  special 
meetings  for  the  supervision  of  the  affairs  of  the  Institution,  and  for  the  advice 
and  instruction  of  a  Board  of  Regents,  to  whom  the  financial  and  other  affairs  are 
intrusted. 

The  Board  of  Regents  consists  of  three  members  ex  officio  of  the  establishment, 
namely,  the  Vice-President  of  the  United  States,  the  Chief  Justice  of  the  Supreme 
Court,  and  the  Mayor  of  Washington,  together  with  twelve  other  members,  three  of 
whom  are  appointed  by  the  Senate  from  its  own  body,  three  by  the  House  of 
Representatives  from  its  members,  and  six  persons  appointed  by  a  joint  resolution 
of  both  houses.  To  this  Board  is  given  the  power  of  electing  a  Secretary  and  other 
officers,  for  conducting  the  active  operations  of  the  Institution. 

To  carry  into  effect  the  purposes  of  the  testator,  the  plan  of  organization  should 
evidently  embrace  two  objects:  one,  the  increase  of  knowledge  by  the  addition  of 
new  truths  to  the  existing  stock;  the  other,  the  diffusion  of  knowledge,  thus 
increased,  among  men.  No  restriction  is  made  in  favor  of  any  kind  of  knowledge; 
and,  hence,  each  branch  is  entitlec  to,  and  should  receive,  a  share  of  attention. 
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The  Act  of  Congress,  establishing  the  Institution,  directs,  as  a  part  of  the  plan  of 
organization,  the  formation  of  a  Library,  a  Museum,  and  a  Gallery  of  Art,  together 
with  provisions  for  physical  research  and  popular  lectures,  while  it  leaves  to  the 
Regents  the  power  of  adopting  such  other  parts  of  an  organization  as  they  may 
deem  best  suited  to  promote  the  objects  of  the  bequest. 

After  much  deliberation,  the  Regents  resolved  to  divide  the  annual  income  into 
two  parts — one  part  to  be  devoted  to  the  increase  and  diffusion  of  knowledge  by 
means  of  original  research  and  publications — the  other  part  of  the  income  to  be 
applied  in  accordance  with  the  requirements  of  the  Act  of  Congress,  to  the  gradual 
formation  of  a  Library,  a  Museum,  and  a  Gallery  of  Art. 

The  following  are  the  details  of  the  parts  of  the  general  plan  of  organization 
provisionally  adopted  at  the  meeting  of  the  Regents,  Dec.  8,  1847. 


DETAILS    OF    THE    FIRST    PAKT    OF    THE    PLAN. 


I.   To  INCREASE  Knowledge. — It  is  proposed  to  stimulate  research,  by  offering 
rewards  for  original  memoirs  on  all  subjects  of  investigation. 

1.  The  memoirs  thus  obtained,  to  be  published  in  a  series  of  volumes,  in  a  quarto 
form,  and  entitled  "Smithsonian  Contributions  to  Knowledge." 

2.  No  memoir,  on  subjects  of  physical  science,  to  be  accepted  for  publication, 
which  does  not  furnish  a  positive  addition  to  human  knowledge,  resting  on  original 
research;  and  all  unverified  speculations  to  be  rejected. 

3.  Each  memoir  presented  to  the  Institution,  to  be  submitted  for  examination  to 
a  commission  of  persons  of  reputation  for  learning  in  the  branch  to  which  the 
memoir  pertains;  and  to  be  accepted  fur  publication  only  in  case  the  report  of  this 
commission  is  favorable. 

4.  The  commission  to  be  chosen  by  the  officers  of  the  Institution,  and  the  name 
of  the  author,  as  far  as  practicable,  concealed,  unless  a  favorable  decision  be  made. 

5.  The  volumes  of  the  memoirs  to  be  exchanged  for  the  Transactions  of  literary 
and  scientific  societies,  and  copies  to  be  given  to  all  the  colleges,  and  principal 
libraries,  in  this  country.  One  part  of  the  remaining  copies  may  be  offered  for 
sale;  and  the  other  carefully  preserved,  to  form  complete  sets  of  the  work,  to 
supply  the  demand  from  new  institutions. 

6.  An  abstract,  or  popular  account,  of  the  contents  of  these  memoirs  to  be  given 
to  the  public,  through  tlie  annual  report  of  the  Regents  to  Congress. 
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II.  To  INCREASE  Knowledge. — R  is  also  proposed  to  appropriate  a  portion  of  the 
income^  annually,  to  special  objects  of  research,  under  the  direction  of  suitable 
persons. 

1.  The  objects,  and  the  amount  appropriated,  to  be  recommended  "by  counsellors 
of  the  Institution. 

2.  Appropriations  in  different  years  to  different  objects;  so  that,  in  course  of  time, 
each  branch  of  knowledge  may  receive  a  share. 

3.  The  results  obtained  from  these  appropriations  to  be  published,  with  the 
memoirs  before  mentioned,  in  the  volumes  of  the  Smithsonian  Contributions  to 
Knowledge. 

4.  Examples  of  objects  for  which  appropriations  may  be  made: — 

{!.)  System  of  extended  meteorological  observations  fur  solving  the  problem  of 
American  storms. 

(2.)  Explorations  in  descriptive  natural  history,  and  geological,  mathematical, 
and  topographical  surveys,  to  collect  material  for  the  formation  of  a  Physical  Atlas 
of  the  United  States. 

(3.)  Solution  of  experimental  problems,  such  as  a  new  determination  of  the 
weight  of  the  earth,  of  the  velocity  of  electricity,  and  of  light;  chemical  analyses 
of  soils  and  plants;  collection  and  publication  of  articles  of  science,  accumulated 
in  the  offices  of  Government. 

(4.)  Institution  of  statistical  inquiries  with  reference  to  physical,  moral,  and 
political  subjects. 

(5,)  Historical  researches,  and  accurate  surveys  of  places  celebrated  in  American 
history. 

(G.)  Ethnological  researches,  particularly  with  reference  to  the  different  races  of 
men  in  North  America;  also  explorations,  and  accurate  surveys,  of  the  mounds 
and  other  remains  of  the  ancient  people  of  our  country. 


I.  To  DIFFUSE  Knowledge. — It  is  proposed  to  publish  a  series  of  reports,  giving  an 
account  of  the  new  discoveries  in  science,  and  of  the  changes  made  from  year  to  year 
in  all  branches  of  knowledge  not  strictly  professional. 

1.  Some  of  these  reports  may  be  published  annually,  others  at  longer  intervals, 
as  the  income  of  the  Institution  or  the  changes  in  the  branches  of  knowledge  may 
indicate. 

2.  The  reports  are  to  be  prepared  by  collaborators,  eminent  in  the  different 
branches  of  knowledge. 
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3.  Each  collaborator  to  be  furnished  with  the  journals  and  publications,  domestic 
and  foreign^  necessary  to  the  compilation  of  his  report;  to  be  paid  a  certain  sum  for 
his  labors,  and  to  be  named  on  the  title-page  of  the  report. 

4.  The  reports  to  be  published  in  separate  parts,  so  that  persons  interested  in  a 
particular  branch,  can  procure  the  parts  relating  to  it,  without  purchasing  the 
whole. 

5.  These  reports  may  be  presented  to  Congress,  for  partial  distribution,  the 
remaining  copies  to  be  given  to  literary  and  scientific  in.vtitutions,  and  sold  to  indi- 
viduals for  a  moderate  price. 

The  followhvj  are  some  of  the  subjects  tvMcJi  ma?/  ie  embraced  in  tJw  reports: — 
I.  PHYSICAL  CLASS. 

1.  Physics,  including  astronomy,  natural  philosophy,  chemistry,  and  meteorology. 

2.  Natural  history,  including  botany,  zoology,  geology,  &c 

3.  Agriculture. 

4.  Application  of  science  to  arts. 

IL  MOEAL  AND  POLITICAL  CLASS. 

5.  Ethnology,  including  particular  history,  comparativa  philology,  antiquities,  &e. 

6.  Statistics  and  political  economy. 

7.  Mental  and  moral  philosophy. 

8.  A  survey  of  the  political  events  of  the  world;  penal  reform,  &c. 

III.  LITERATURE  AND  THE  FINE  ARTS. 

9.  Modern  literature, 

10.  The  tine  arts,  and  their  application  to  the  useful  arts. 

11.  Bibliography. 

12.  Obituary  notices  of  distinguished  individuals. 

II.  To  DIFFUSE  Knowledge.— /i  is  proposed  to  publish  occasionalli/  eeparale  treatises 
on  subjects  of  general  interest. 

1.  These  treatises-may  occasionally  consist  of  valuable  memoirs  translated  from 
foreign  languages,  or  of  articles  prepared  under  the  direction  of  the  Institution,  or 
procured  by  offering  premiums  for  the  best  exposition  of  a  given  subject. 

2.  The  treatises  to  be  submitted  to  a  commission  cf  competent  judges,  previous 
to  their  publication. 
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DETAILS  OF  THE  SECOND  PART  OF  THE  PLAINT  OF  ORGANIZATION. 

This  part  contemplates  the  formation  of  a  Library,  a  Museum,  and  a  Gallery  of 
Art. 

1.  To  carry  out  the  plan  before  describecl,  a  library  will  be  required,  consisting, 
1st,  of  a  complete  collection  of  the  transactions  and  proceedings  of  all  the  learned 
societies  of  the  world;  2d,  of  the  more  important  current  periodical  publications, 
and  other  works  necessary  in  preparing  the  periodical  reports. 

2.  The  Institution  should  make  special  collections,  particularly  of  objects  to 
verify  its  own  publications.  Also  a  collection  of  instruments  of  research  in  all 
branches  of  experimental  science. 

3.  With  reference  to  the  collection  of  books,  other  than  those  mentioned  above, 
catalogues  of  all  the  different  libraries  in  the  United  States  should  be  procured,  in 
order  that  the  valuable  books  first  purchased  may  be  such  as  are  not  to  be  found 
elsewhere  in  the  United  States. 

4.  Also  catalogues  of  memoirs,  and  of  books  in  foreign  libraries,  and  other 
materials,  should  be  collected,  for  rendering  the  Institution  a  centre  of  bibliogra- 
phical knowledge,  whence  the  student  may  be  directed  to  any  worlc  which  he  may 
require, 

5.  It  is  believed  that  the  collections  in  natural  history  will  increaRe  by  donation, 
as  rapidly  as  the  income  of  the  Institution  can  make  provision  for  their  reception; 
and,  therefore.  It  will  seldom  be  necessary  to  purchase  any  article  of  this  kind. 

6.  Attempts  should  be  tnade  to  procure  for  the  gallery  of  art,  casts  of  the  most 
celebrated  articles  of  ancient  and  modern  sculpture. 

7.  The  arts  may  be  encouraged  by  providing  a  room,  free  of  expense,  for  the 
exhibition  of  the  objects  of  the  Art^Union,  and  other  similar  societies. 

8.  A  small  appropriation  should  annually  be  made  for  models  of  antiquity,  such 
as  those  of  the  remains  of  ancient  temples,  &c. 

9.  The  Secretary  and  his  assistants,  during  the  session  of  Congress,  will  be 
required  to  Illustrate  new  discoveries  in  science,  and  to  exhibit  new  objects  of  art; 
distinguished  individuals  should  also  be  invited  to  give  lectures  on  subjects  of 
general  interest. 

In  accordance  with  the  rules  adopted  in  the  programme  of  organization,  each 
memoir  In  this  volume  has  been  favorably  reported  on  by  a  Commission  appointed 
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for  its  examination.  It  is  however  impossible,  in  most  cases,  to  verify  the  state* 
ments  of  an  author;  and,  therefore,  neither  the  Commission  nor  the  Institution  can 
be  responsible  for  more  than  the  general  character  of  a  memoir. 


The  following  rules  have  been  adopted  for  the  distribution  of  the  quarto  volumes 
of  the  Smithsonian  Contributions : — 

1.  They  are  to  be  presented  to  all  learned  societies  which  publish  Transactions, 
and  give  copies  of  these,  in  exchange,  to  the  Institution. 

2.  Also,  to  all  foreign  libraries  of  the  first  class,  provided  they  give  in  exchange 
their  catalogues  or  other  publications,  or  an  equivalent  from  their  duplicate  volumes. 

3.  To  all  the  colleges  in  actual  operation  in  this  country,  provided  they  furnish, 
in  return,  meteorological  observations,  catalogues  of  their  libraries  and  of  their 
students,  and  all  other  publications  issued  by  them  relative  to  their  organization 
and  history. 

4.  To  all  States  and  Territories,  provided  there  be  given,  in  return,  copies  of  all 
documents  published  under  their  authority. 

5.  To  all  incorporated  public  libraries  in  this  country,  not  included  in  any  of 
the  foregoing  classes,  now  containing  more  than  10,000  volumes;  and  to  smaller 
libraries,  where  a  whole  State  or  largo  district  would  be  otherwise  unsupplied. 
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THE  PRESIDENT  OF  THE  UNITED  STATES, 
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Henry  Wilson, Vice-President  of  the  United  States. 

Morrison  R.  AVaite Chief  Justice  of  Ijte  United  Slates. 

Hannibal  Hamlin, Member  of  the  Senate  of  the  United  Stales. 
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Peter  Parker, "of  Washington. 
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THE  PRECESSION  OF  THE  EQUINOXES  AND  NUTATION  AS  RESULTING 
FROM  THE  THEORY  OF  THE  GYROSCOPE. 


In  a  paper  published  in  the  American  Journal  of  Science,  in  1857,  and  in  Bar- 
nard's American  Journal  of  Education^  [No.  9]  of  the  same  year,  I  remarked :  — 

"  The  analogy  between  the  minute  motions  of  the  gyroscope  and  that  grand 
phenomenon  exhibited  in  the  heavens,  the  'precession  of  the  equinoxes,'  is  often 
remarked.     In  an  ultimate  analysis,  the  phenomena,  doubtless,  are  identical,"  &c. 

It  is  the  object  of  the  present  paper  to  deduce  the  analytical  expressions  of  this 
phenomenon  directly  from  the  theory  of  the  gj-roscope. 

A  brief  summary  of  the  processes  used  and  results  arrived  at  in  the  paper  referred 
to  is  necessary  as  a  preliminary. 

Let  A,  B,  C,  D  (Fig.  1)  be  a  solid  body  of  any  shape,  retained  by  the  fixed  point 
0  (within  or  without  its  mass).      Ox,  Oy,  and  Oz  are  the  three  co-ordinate  axes. 

Pig,  1. 


fixed  in  space,  to  which  the  motion  of  the  body  is  referred.     Oxj,  Oy^,  Oz,  are  the 

three  principal  axes  belonging  to  the  point  0,  and  which,  of  course,  partake  of  the 


'  "The  Phenomena  of  the  Gyroscope  Analytically  Examined." 
1      October  187L  f  1  ) 
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2     PRECESSION  OF  THE  EQUINOXES  AND  NUTATION 

body's  motion.  The  position  of  the  body  at  any  instant  of  time  is  determined  by 
those  of  the  moving  axes. 

For  the  purpose  of  determining  the  positions  of  the  axes  Oajj,  Oy,,  and  Oz^^,  with 
reference  to  the  (fixed  in  space)  axes  Ox,  Oy.,  Oz,  three  auxiliary  angles  are  used. 

If  we  suppose  the  moving  plane  of  x^  y^,  at  the  instant  considered,  to  intersect 
the  fixed  plane  of  xy  in  the  line  NN'  and  call  the  angle  xON'^^^-^,  and  the  angle 
between  the  planes  xy  and  x^yi  (or  the  angle  zOz^)=:0,  and  the  angle  NOxi=^  (in 
the  figure  these  angles  are  supposed  acute  at  the  instant  taken),  these  three  angles 
will  determine  the  positions  of  the  axes  Ox^,  Oy^,  Oz^  (and  hence  of  the  body)  at 
any  instant,  and  will  themselves  be  functions  of  the  time .  and  the  rotary  velocities 
about  the  axes  of  x^,  y^,  and  z■^,  may  be  expressed  in  terms  of  them  and  of  their 
differential  cocflicients. 

When  a  body  is  a  solid  of  revolution,  revolving  with  an  angular  velocity  n,  about 
its  axis  of  figure,  and  acted  upon  by  the  accelerating  force  of  gravity  (the  fixed 
point  0  being  in  the  axis  of  figure),  the  general  equations  of  rotary  motion  (by 
processes  fully  developed  in  the  paper  referred  to)^  take  the  form 


1. 


sitf  0^;^=— i-  (cos  d — cos  w) 
at        A 

sm'^  0- %-+-_-:= — P-  (cos  0— cos  w) 


d^  =  nt?/-j-co8  %d^ 
In  which 

JWis  the  mass  of  the  body. 

A  its  moment  of  inertia  about  an  equatorial  axis  through  O. 
C    "       "  "  "        its  axis  of  figure. 

g  the  force  of  gravity. 

y  the  distance  OG  from  centre  of  gravity  to  the  point  of  support, 
[J  the  initial  value  of  0,  or  its  value  at  the  instant  when  the  body  has  no  other 
motion  than  the  rotation  n  about  its  axis  of  figure. 

Eliminating  ~  between  the  first  two  equations  (1),  and  putting 

A      ^        ,  CW      2-3'' 

2.  ^3.,  and  -  -  --^_i_,  we  get 

3.  sin=  0  '^^^  =?1  [sin^  0—2/3''  (cos  6— cos  o)]  (cos  0— cos  o), 

dv       X 

and  the  first  equation  (1)  becomes 

4.  sin^0^'^=23    (^(cosO— cos(j) 

_     dt         ^SX^ 

The  quantity  ^=       .1.^      .   _^=^  may  be  very  great  in  consequence  of  the 
rotary  velocity,  »*,  being  great,  or  (n  being  small)  in  consequence  of  the  ratio 


>  The  analysis  therein  nsed  was  mostly  taken  from  Poisson  as  far  as  equations  (of  that  paper)  (9), 
(10),  (U),  corresponding  to  (t),  (8),  (9)  of  this;  but  the  subsequent  developments  were  original. 
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RESULTING   FROM   THE   THEORY   OF   THE    GTROSCOrE.        3 

(J 

-— -=  -  ---^,  being  very  great.     In  the  phenomena  of  the  gyroscope,  the  first  condi- 
^y  AMyy 

tion  obtains ;  in  the  case  of  the  earth,  attracted  by  the  sun  or  moon  («  being  small), 

it  is  easy  to  show  that  the  alternative  condition  is  fulfilled.^ 


for  tlie  minimum,  the  equation, 

cos  e^— ^-j-/l+2,tf*  coso+f^ 
in  which,  if  {i  is  very  great,  the  value  of  cos  0  differs  but  slightly  from  that  of  cos  (j. 
Hence  by  introducing  a  new  variable  w,  equal  to  « — fl,  and  deducing  the  values  of 
(7 j  and  (by  development)  of  sin^  6  and  cos  ^  (neglecting  the  higher  powers  of  xi)  and 
substituting  in  (3)  and  (4),  they  become  (omitting,  as  relatively  small,  cos  u  in  the 
factor  cos  u-|-4/3*). 

17,.  du 


5.  Mdi= 


di       '  \Xi    smcj 
Equation  (5)  gives  by  integration  and  putting  /?  \^-Y=h, 


T. 

U— 

''-t,:^i 

sin. 

rj  sin 

■"u 

whicli 

substituted 

in  (6)  gi 

ves 

8. 

dr 

4^ 

sin 

V^( 

9.  ^=J-,1.(-A..sin27d 

If  wc  make  0=90°,  sin  cj^^l,  in  equation  (6),  deduce  the  value  of  di,  and  sub- 
stitute in  (5)  we  get, 

10.  r?.]-       "■^'' 

(lie  differential  equation  of  the  eycJoid,  generated  by  a  circle  of  which  the  diameter 

1  7t 

is  -(J -5,  and  having  a  chord ^y-^. 

'  For  the  earth  tho  moments  of  inertia,  ^  and  C,  with  reference  to  principal  axes  tlirough  the  centre, 
differ  very  little.   The  value  of  ^  may  therefore  be  approximately  written -5  /—^—,  and  the  denominator 

is  to  lie  replaced  (IT)  by    .    _.     Substitute  tjic  value  of  L  (19)  and  put,  for  tlie  sun,  -^  =n,=  (25), 

and  the  value  of  ^  becomes  —  | _-  ,  which  is  verv  large. 

2i(,*J3{C-A)  cos  8 

The  value  as  depending  on  the  moon'a  attraction  is  (2Sa),  I        '■jrJ' '._..,  of  the   same  order 

of  niaguitude  as  before. 
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4     PRECESSION  OF  THE  EQUINOXES  AND  NUTATION 

If  the  value  of  w  is  not  OO'',  the  diameter  of  this  circle  will  be siiiu;  but  the 

quantity—-  then  measures  an  angle  of  an  arc  of  a  small  circle  having  a  radius 

=sin  (o;  and  the  chord  of  the  curve  is  reduced  in  the  same  proportion  as  its  sagitta, 
and  the  curve  is  still  a  cycloid. 

The  axis  of  figure  gyrates  therefore  about  the  vertical  through  O  as  if  it  was  attached 
to  the  circumference  of  a  small  circle  of  the  minute  diameter  specified,  the  centre 
of  which  circles  moves  with  a  uniform  horizontal  velocity,  which  velocity  is  the 
mean  rate  of  gyration ;  or  the  motion  may  be  compared  to  that  of  a  cone  having  its 

vertex  at  0  and  diameter  of  base  :^—-^  sin  t>  (the  axis  of  figure  constituting  an 

element  of  this  cone)  rolling  upon  a  fixed  conical  surface,  all  the  elements  of  which 
make,  with  the  vertical,  the  angle  w ;  but  this  imaginary  cone  is  not  fixed  in  the  body 
(save  in  the  exceptional  case  of  the  moments  of  inertia  A  and  C  being  equal).    For 

the  rotary  velocity  of  the  body  is  11,  Avhile  that  of  the  cone  is  2/?  ^:^_-. 

Since  the  rotary  velocities  of  the  body  and  cone  are  different,  the  instanianeoiia 
axis  cannot  move  along  the  chord  of  the  cycloid,  nor  wi(7i  uniform  velocity. 

The  common  methods  of  investigating  the  Precession  of  the  Equinoxes,  founded 
upon  the  incipient  rate  of  motion  of  the  instantaneous  axis,  involve  this  error,  which 
does  not  become  apparent,  simply  because  the  moments  of  inertia  A  and  (7  are,  for 
the  earth,  so  nearly  equal. 

The  instantaneous  axis  will  describe  a  prolate  cycloid  having  the  same  chord  as 

the  common  one  ( — ^),  and  a  sagitta  =  — :-,sin  a  (—,- — 1 1. 

The  mean  rate  of  gyration  is  given  by  the  coefficient  of  t  in  equation  (9) ;  it  is 
( "P,  or  substituting  values  (2)  for  0  and  A  : 

11.  ^^l 

Gil 

Thus  far  I  have  supposed  that  at  the  origin  of  time,  or  at  the  moment  when  the 
accelerating  force  commenced  to  act,  the  body  had  no  other  motion  than  a  rotation, 
w,  about  its  axis  of  figure.  It  remains  to  prove,  that  if,  at  this  instant,  there  are 
small  (compared  to  n)  velocities  about  either  or  both  the  other  principal  axes,  the 
rate  of  gj'ration  will  be  the  same. 

The  solution  will  be  perfectly  general  if  we  suppose  at  this  instant  a  velocity,  m, 
about  the  axis  of  x  only,  and  assume  at  same  moment  G^=ij,  ^=90°,  we  should  get, 
instead  of  equations  (3)  and  (4),  the  two  following : — 

di'     La  a  A' 

— m"^  (cos  0-}-cos  (j)    (cos  9 — cos  u) 

sin^  0  -'.J-^^J     (cos  0— cos  u)-\-m  sin  a 
dt    •    A    ^  '  ^ 
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Substituting  in  these  o — u  for  0,  rejecting  all  small  qiiantities  of  the  second  order 
(among  which  is  m'),  and  introducing  /3  and  X  (see  equations  2) 


d^ 


di       '^NAsm  (j^smo 

The  integral  of  (13)  (using  Ji  with  its  already  given  value)  in  (7)  is 

15.  u^ { sm  a ' — m )  sm''  M 

2^r\  k     I 

Substitute  in  (14)  and  integrate 

The  coefficient  (  in  (16)  is  identical  with  that  of  equation  (9),  r=--^?^,  showing 

that  although'  the  character  of  the  gyratory  motion  is  altered,  and  the  axis  of 
figure,  instead  of  moving  on  a  common  cycloid  (which  forms  cusps)  and  coming 
periodically  to  rest,  moves  along  a  prolate  cycloid  or  even  without  undulation,  yet 
the  rate  of  gyration  is  unchanged. 

If  a=90°  and  m  ~j^i  «  s^^id  —  become  zero  for  all  values  of  (,  and  the  body 

gyrates  horizontally  without  nutation.^ 

In  all  that  precedes,  the  revolving  body  has  been  supposed  retained  by  a  fixed 
point  in  its  axis  of  figure,  but  not  at  its  centre  of  gravity,  while  the  accelerating 
force,  being  gravity  itself,  acts  through  that  centre. 

If,  instead,  the  fixed  point  by  which  the  body  is  retained  is  the  centre  of  gravity, 
and  the  accelerating  or  disturbing  forces  any  other  whatever  (provided  their  direc- 
tion is  invariable  and  their  resultant  acts  through  a  fixed  point  of  the  axis),  the 


'  This  is  the  case  referred  to  ia  the  preceding  paragraph  in  which  the  moment  of  the  accelerating 
force  (or  couple)  is  equal  to  that  of  (what  I  have  styled  in  the  work  before  referred  to)  the  "  deflect- 
ing force,"  which  has  for  its  value  the  expression  —  —  — 

That  this  case  should  arise,  a  determinate  relation  between  m,  n,  and  g,  expressed  by  the  equation 

mn     My  . 

=- .'-,  is  necessary. 

g      G 
When  this  relation  exists,  the  movement  may  be  represented  by  the  rolling  of  a  conical  surface  (the 
locas,  in  the  body,  of  the  instantaneous  axis),  described  about  the  axis  of  figure  with  the  angle 

(approximately)  eqnal  to  -^^,  upon  another,  all  of  the  elements  of  which  make,  with  the  vertical, 

,,  ,  Mgy  ^^' 

the  angle  a  —  ttt,  (when  o  is  not  90°,  the  centrifugal  as  well  as  the  deflecting  force  afFeots  the 

relation  between  m,  n,  and  g). 

But  no  such  relation  is  eaaential  to  the  gyration  expressed  by  (H);  and,  in  the  case  of  the  preces- 
eioa  of  tiie  equinoxes,  the  supposition  of  rolling  cones  is  not  realized.  There  are,  probably,  no  two 
instants  of  time  at  which  the  preceaaional  raoyementa  of  the  ^sia  arc  identically  the  same. 
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6      PRECESSION  OF  TUE  EQUINOXES  AND  NUTATION 

equations  will  be  precisely  the  same,  the  moments  of  inertia  A  and  C,  referring  to 
principal  axes  through  the  centre  of  gravity,  and  Mg  expressing  the  intensity  of  the 
resultant  of  the  forces,  and  y  the  distance  from  the  centre  of  gravity  of  the  point 
through  which  the  resultant  acts. 

In  expression  (11)  Mgy  is  the  moment  of  the  force  with  respect  to  the  point  O, 
divided  by  the  sine  of  the  angle  (0)  which  its  direction  makes  with  the  axis  of 
figure.  Denote  that  moment  by  L.  Then  the  expression  for  the  velocity  of  gyra- 
tion (11)  becomes. 


n. 


_L 

Ca  sin  y 


If  the  body  in  question,  like  the  earth,  is  acted  upon  by  forces,  the  resultant  of 
which  does  not  pass  through  its  centre  of  gravity,  its  movements  about  that  centre  are 
precisely  the  same  as  if  that  centre  were  fixed ;  in  other  words,  it  will  gyrate  about 
the  line  connecting  its  centre  and  the  origin  of  the  force  with  a  velocity  denoted 
by  expression  (11).  In  the  case  of  the  earth,  however,  the  direction  of  the  disturb- 
ing force  and  its  moment  are  constantly  changing,  and  I  have  to  assume  something 
not  proved  in  what  foregoes,  viz.,  that  the  elementary  gyration  at  each  moment  of 
time  will  be  likewise  expressed  by  (11)  ;  an  assumption  not  (probably)  strictly  true, 
since,  when  the  forces  arc  constant  in  direction  and  intensity,  equation  (14)  show? 
(the  value  of  «,  equation  (15)  being  substituted)  that  the  gyratory  velocity,  though 
its  mean  is  always  expressed  by  (11),  varies  at  each  instant  unless  the  value  of  m 
has  a  certain  relation  to  that  of  h. 

Since  the  integral  of  these  varying  elementary  displacements  shows,  under  all 
circumstances  of  constantly  directed  force  (though  these  elementary  motions  of  the 
axis  exhibit  all  possible  directions  with  regard  to  that  of  the  force),  a  mean  rate  of 
gyration  expressed  by  (11),  we  may  assume  that  the  fact  will  hold  good  though 
the  direction  and  moment  of  the  force  change.^ 

In  the  case  of  the  earth  there  is  probably  no  instant  of  time  at  which  it  is  revolv- 
ing exactly  about  its  axis  of  figure  ;  the  quantity  in  has,  for  it,  in  all  cases,  a  finite 
(though  exceedingly  small)  value;  neither  observation  nor  (scarcely)  analysis  can 
detect  the  minute  diurnal  (nearly)  nutations  which  belong  to  the  diurnal  cycloidal 
movement;  and  hence  the  presumption  that  the  gyration  is  a(oZ/insit(7i^s  perpendicu- 
lar, or  nearly  so,  to  the  direction  of  the  force,  and  hence  that  even  its  elementary 
values  vary  little  from  expression  (11).^ 


'  Sueli  an  assumption  is  made  in  all  the  investigations  not,  like  Laplace's,  purely  analytical,  with- 
out always  giving  the  true  grounds  on  which  it  should  be  based. 

"  In  reality,  if  the  moment  L  remains  the  same  for  different  values  of  e,  the  elementary  displace- 
ment produced  by  the  gyration  is  independent  of  0,  for,  Ihougli  the  expression . — — —  varies  inversely 

Cn  sin  9 
as  sin  9,  yet  the  radius  of  the  small  circle  on  which  the  displaeomont  takes  place  increases  in  like 
proportion.  Again,  that  a  revolving  body  should  gyrate  aronnd  a  given  axis  it  is  not  necessary  that 
the  accelerating  force  should  be  always  parallel  in  direction  to  that  axis,  but  that  it  should  remain  in 
the  moving  plane  through  the  asta  of  fignre  aud  the  given  axis.  The  general  equations  of  rotation 
would  be  the  same. 
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Let  a,  be  the  equatorial  diameter  of  the  earth. 
b,  be  the  polar  diameter, 
p,  its  variable  density. 

C,  its  moment  of  inertia  about  the  polar  axis. 
A,  its  moment  of  inertia  about  an  equatorial  one, 

e=:~ ,  earth's  ellipticity. 

*S^  the  absolute  attractive  force  of  the  sun,  or  its  attraction  upon  a  unit  of 

mass  at  a  unit's  distance. 
r,  the  mean  distance  of  centres  of  sun  and  earth,     x,  y,  z  being  rectangular 
co-ordinates  of  any  element  of  the  earth's  mass,  dm ;  the  origin  being 
the  earth's  centre,  the  axis  of  z  the  polar  one,  of  x  an  equatorial  one 
in  a  plane  passing  through  the  sun's  centre,  of  f/  an  equatorial  one  pei> 
pendicular  to  this  plane. 
The  moment  of  the  sun's  attractive  force  upon  the  earth  is  shown  in  various 
worlis  on  precession  {vide  Mr.  Airy's  "  Figure  of  the  Earth,"  Encyc.  Metropolitana) 
to  be  (0  being  the  angle  of  earth's  axis  with  line  drawn  to  sun). 


18. 


m^^^'- 


3^)  dxdydz  sinO  cos  6 


the  integral  being  taken  through  the  spheroid. 

The  quantity  under  the  signs  of  integration  may  bo  written 

p  (ic2_j_yij  (Zjji— p  (y^-fz^)  dm,  the  integral  of  the  first  term  of  which  is  C,  and  of 

the  second  A. 

Hence  the  moment  of  the  sun's  force  (18) 


19. 


^{G—A)  sin  9  cos  e'^ 


Hence  the  gyration  produced  upon  the  earth  by  the  sun's  force  aoout  the  line 
of  its  direction  is  (17) 

20.  —  9~A  cos  e ;  and  in  time  dl. 


21. 


3.?  C—A        f.  ,, 
-  — . cos  -P  dl 


Let  EST  be  a  great  circle  in  the  plane  of  the  ecliptic, 
EE'  an  equatorial  one,  PE'TP'  a  great  circle  through 
the  tropics,  PSP'  one  through  the  sun  in  any  position, 
G  the  centre  of  the  earth,  and  PGP'  its  axis.  SGP  is 
the  angle  6.  If  the  sun  moves-in  the  ecliptic  from  E 
(the  equinox)  towards  T  with  an  angular  velocity  Wi, 
Hit  wiU  be  the  value  of  the  arc  ES.  In  the  spherical 
triangle  P'ST,  right-angled  at  T,  we  have  cos  P'S  (or 
cos  0)— cos  PTcos  TO=:sin  TE'  sin  SE. 

TE'  is  the  inclination  of  the  equator  to  the  ecliptic; 
call  this  /     Then 

cos  6:^sin  1  sin  n^t 
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8     PRECESSION  OP  THE  EQUINOXES  AND  NUTATION 

The  elementary  gyration  about  the  line  SO  will  be  therefore,  (21) 

22.  ' -^ —  sin  /sin  w/  di. 

«!-^      C 

If  this  rotation  about  SC  is  decomposed  into  components  about  the  lines  tC  and 
EC,  they  will  be 

33  3,5  G-A  ^ 

24.  . — - --^—  sm  ism  n,t  cos  nA  at. 

nr-      C 

The  component  (23)  represents  a  rotation  of  the  pole  about  TG,  the  radius  of  its 
motion  being  PB,  or  cos  I.  To  obtain  the  actual  value  as  an  arc  of  a  great  circle, 
of  this  minute  displacement,  it  must  be  multiplied  by  cos  /;  and  to  refer  this  to  ()ie 
pole  of  (he  ecliptic  as  angular  motion,  it  must  be  divided  by  sin  1}  Performing 
these  operations,  integrating,  and  remembering  that  by  Kepler's  laws 

"J  ^^"^^"^^  (y^^number  of  units  of  time  in  one  year),  we  get,  for  precession. 


Z-n^^C—A  j^      3  )i,  C~A 

2  »      C 

3  )!,  C^A 


Z^.  - —  cos  Lt  — -  —i- .  cos  1  sm  %ui. 

2  n      C  4  n       6' 

And  for  nutation 
26. 


The  first  term  of  (25)  is  the  mean  solar  precession;  making  (  ^  — ,  it  gives  for  the 
annual  solar  precession 

27.  S—'n — -^—  cos  I. 

Expression  (26)  is  the  solar  nutation,  and  the  second  term  of  (25)  gives  the 
equation  of  the  equinoxes  in  longitude,  or  the  fluctuating  term  of  the  precession  cor- 
responding to  the  nutation. 

These  expressions  correspond  to  those  obtained  by  the  ordinary  solutions.  They 
differ  from  most  of  them,  however,  in  having  G  in  the  denominator  instead  of  A, 
an  error  of  those  solutions  I  have  alluded  to  before,  which,  however  real,  analyti- 
cally, exerts  no  important  influence  on  the  result. 

By  the  above  method  the  precession  is  the  integral  of  the  components  of 
gyration  about  a  solstitial  diameter  of  the  ecliptic,  which  line  itself,  by  tlie  pro- 
cess of  precession,  has  an  angular  motion  equal  to  that  precession,  the  real  eftect 


In  the  spherical  triangle  PP"P  in  wliicli  P"  is  the  pole  of  the  ecliptic 
and  PP  an  are  of  a  great  eirele  tlirougii  which  the  pole  F  has  moved  (equal  to  (23)  X  cos  J),  and 
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RESULTING   FROM   THE   THEORY    OP   THE   GYROSCOPE.        g 

being  a  revolution  about  an  axis  (the  pole  of  the  ecliptic)  perpendicular  to  the 
plane  of  that  angular  motion.     In  other  words,  if  we  integrate  directly  equation 

(23)  and  make  t^^,  and  -,=n,\  we  shall  get 
111  r  " 

Oft  .,«i      C—A    .     _ 

n  G 

and  this  will  be  the  total  angular  motion  of  the  pole  P  about  the  solstitial  line  TG 
in  one  revolution  of  the  sun ;  but  by  this  very  motion  of  the  pole  the  equinoxee 
have  moved  an  angle  measured  by  tJiis  displacement  referred  to  the  pole  of  the 
ediptiG—th^t  is,  by  the  angle  expressed  by  (27) — and  the  solstitial  line  TChas  of 
course,  undergone  the  same  movement,  and  the  next  annual  gyration  will  be  about 
the  consecutive  line  7"  C,  and  so  on;  producing  a  continuous  motion  of  the  pole 
P  about  the  pole  of  the  ecliptic  P". 

To  obtain  the  precession  due  to  the  moon,  it  is  necessary  to  substitute  in  (19)  for 

-  ,  ,  in  which  M^  is  the  attractive  force  of  the  moon  and  (;■)  its  mean  distance. 
r"    {rf  3 

-n     .rpi,.-  r  ,  W        N-      1       T^       ,      ,     ,  2.X0^  27t(7-)2  lit 

Uut  7  '(time  or  moon  s  revolution)  is,  by  Kepler  s  l^^Sj.-v^j^p^^^jr-yj-^-jjj^  = — 
(calling  the  mean  angular  velocity  of  the  moon  Ji^  and  the  ratio  of  earth's  mass 
to  that  of  moon's  mass,  r^  (28a) ;  hence  —  =: — — . 

If  i  is  the  inclination  of  the  moon's  orbit  to  the  equator  during  any  one  revolu- 
tion (regarded  as  constant  for  that  time),  we  should  obtain  for  the  precession  and 
nutation,  referred  to  the  pole  of  tlte  moon's  orhit,  expressions  analogous  to  (25) 
and  (26). 

Although  the  moon's  disturbing  effect,  as  above-  expressed,  is  almost  exactly 
double  that  of  the  sun,  yet  the  larger  divisor  «2!  introduced  by  integration,  renders 
the  value  of  (26)  and  of  the  fluctuating  term  of  (25)  very  small  for  the  moon — say 
about  ^th  the  corresponding  values  for  the  sun.  Hence  these  terms  are  usually 
disregarded  in  the  lunar  expressions. 

The  elementary  precession  due  to  the  moon  ahout  the  pole  of  its  own  orbit  would 
be  by  (25) 

29.  ■    — —^ — ^ -^—  cos  ^  dt. 

2«(l+>j)       G 

From  this,  by  the  usual  methods,  can  be  deduced  the  real  precession  and  nuta- 
tion. But  it  will  be  more  in  harmony  with  the  object  of  this  paper,  and  indeed 
more  elegant,  to  reduce  the  gyration  produced  by  the  moon  directly  to  precession 
and  nutation. 

If  we  substitute  for  n„  -??-,  and  sin  i  for  sin  /,  in  (28)  we  shall  get,  for  the 

total  gyration  ahoui  the  line  of  greatest  declination,  produced  by  one  revolution  of  the 
moon  in  its  orbit,  the  expression : 

■'n(l+>?)^      G 

2      December,  1S71. 
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In  which  the  line  of  greatest  declination  is  regarded  as  stationary  during  the  single 
revolution,  and  taking  a  consecutive  position  for  the  next;  but  it  will  be  in  har- 
mony with  the  fact,  and  allowable,  to  regard  the  line  as  in  continuous  motion  and 

2.T 


the  above  amount  of  gyration  to  be  uniformly  spread  over  the  time  '' 
lution,  producing  thus  an  elementary  gyration,  in  the  time  dt^  of 


,  of  the  rcvo- 


3 


31.  "       "^   -     -~~  sin  i  dt. 

2n0-+n)      a 

Let  °pS^  be  a  great  circle  in  the  plane  of  the  ecliptic;  T  d  the  line  of  equinoxes, 
NON'  the  line  of  moon's  nodes,  T-fc:  the  equator, 
and  N'in'MN'  the  moon's  orbit  crossing  the  equa- 
tor at  m'.  The  line  of  the  moon's  maximum 
declination,  OM,  will  be  90°  from  the  line  Om'. 
The  pole  E  of  the  earth  is  supposed  to  undergo 
a  displacement  by  gyration  about  Oitfrepresented 
n^  by  EE';  the  precession  produced  will  be  the 
angle  EOE';  the  nutation,  the  angle  EdE'. 

In  the  spherical  triaifgle  Nm'f  the  angle  at  iV 
is  =  /",  the  inclination  of  moon's  orbit  to  ecliptic ; 
the  angle  at  °f  is  the  supplement  of  /  (inclination 
of  the  equator)  and  the  angle  at  m'  is  i  (or  the 
variable  inclination  of  the  moon's  orbit  to  the 
equator),  and  the  side  fN  is  =  nj  (caUing  'the  angular  velocity  of  the  moon's 
node  it^);  therefore, 

32.  cos  i  =  cos  /  cos  /-|-  sin  /'  sin  /cos  n^t 

and 
_  sin  %( 

sin T cot  / — cos  /cos  ■>!/ 
In  the  spherical  triangle  mm'°l' 
31.  tang  mT  i^  cos  /  tang  m'T 

OS  is  the  line  of  maximum  declination  of  the  sun,  or  the  solstitial  diameter  of  the 
ecliptic  about  which  the  annual  gyration  produced  by  the  sun  is  made.  As  the 
inclination  /  of  the  moon's  orbit  is  small,  the  arc  MM',  drawn  through  M^,  is 
approximately  equal  to  mT,  and  the  angle  MO^  differs  immaterially  from  the  com- 
plement of  mf;  hence  by  (33)  and  (34j 

35    tan»  jl/J/'— cmls'mn^t  cos  /  sin  f  sin  n^^ 

sin  /cot  P—cos  I  cos  ^^^""sin  /cos/'— cos  /sin  /'  cos  n/ 

If  the  gyration  about  OM  (31)  is  decomposed  into  components  about  OM'  and  Oc^, 
we  shall  liave  for  the  first  (calling  the  coefficient  of  sin  i.di,  K) 

36.  K  sin  i  cos  M3fd(, 
and  for  the  second 

37.  ^sinisin  MM'dt. 


I  m  T  - 
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To  refer  the  displacement  expressed  by  (36)  to  the  pole  of  the  ecliptic  0,  as 
angular  motion,  we  must  (see  note  page  8)  multiply  by  cos  M'F  or  (from  which  it 
differs  but  slightly)  cos  i  and  divide  by  sin  /;  we  thus  obtain  for  the  elementary 
precession 

38.  cos  MM'  sin  i  cos  i  dty 

sm/ 

and  for  nutation 

3Q'  K  sin  MM' sin  i  di. 

The  maximum  value  of  the  arc  MM  is  about  11°  56';  the  line  MO  describing 
during  an  entire  revolution  of  the  moon's  nodes  an  elliptical  cone  about  OS  of 
which  the  minor  semi-dianietcr  {SM)  is  5°  8|'  (about),  and  the  semi-major  11°  56'. 
By  conceiving  the  elementary  motion  of  the  pole  of  the  earth  (or  its  gyration)  as 
at  each  instant  about  the  line  MO,  as  it  makes  its  conical  revolution,  the  undulating 
nature  of  that  motion,  or  the  "nutation,"  is  easily  conceived. 

Approximate  values  of  sine  and  cosine  of  MM  may  be  determined  from  (35); 
which,  substituted  with  those  of*  (32)  in  (38)  and  (39),  wiU  enable  us  to  integrate 
and  obtain  very  accurate  expressions  for  the  lunar  precession  and  nutation."'  But 
these  expressions,  nearly  free  from  errors  of  approximation,  may  be  more  elegantly 
determined  as  follows :  When  the  angle  of  the  moon's  orbit  with  the  equator  is 
minimum,  the  angle  i=I^J';  when  maximum  i=I-\~r  (epochs  corresponding  to 
Hg^^^O  and  «g(=;7i);  the  angle  MM'  is  zero,  and  the  corresponding  rates  of  pre- 
cession are  by  (38) 

(a)  i-™2Ci=^)for„.(=0. 

2  sm  / 

(i)  A'^-'-^a^  for  „.,=„. 

3  sm  / 


When  n3fc=|7r,  we  have 

cos  MM^—-^^,^  ._—_ ,    V,...  ^■....—  — — =z^^_^^-=^ 

y  i — cos^/cos^/'  y  1  — cos^/cos^  / 


sin  i  .     ,,,r  cos  J  sin  /' 

sm  MM— 


cos  M'F=cos  /cos^  r,  cos  i^=cos  /cos  I',  sin  i^V I — cos*'  /cos''  I'  (the  three 
first  being  the  residuals  of  exact  analytical  expressions  after  omission  of  quantities 
of  inappreciable  magnitude). 

Hence,  by  (38),  the  rate  of  precession  for  nJ.^^Ti  is 

(c)  ^cos  /cos^  f  * 

Assume  the  formula  for  precession  to  be 

KiPt-\-P'  sin  M+P"  sin  2n,t); 

*  When  the  moon's  orbit  intersects  the  ecliptic  in  asolstitialline,  the  elementary  precession  Kcosi 
(39)  about  its  own  pole  is  reduced,  with  hat  slight  error,  to  the  same  about  the  ecliptic  pole,  by 
simple  multiplication  by  cos  I' :  a  result  coinciding  with  the  abo?e. 

™  Sec  Additional  Notes,  p.  61. 
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the  rates  of  precession  will  be 

frt')  A'(P+  «3P'+2%P'')     for  7*3/=  0 

{*')  K(P—  n^P' -\-2n^P")      "   n^t=  n 

Equating  {a)  to  (a'),  &c.,  we  deduce 

P=l  cos  /(cos'  r+cos  2/')=cos  7(l_f  sin'  /^ 

_,           1     sin  21'  cos  2/          1  t  ■    c^t,      .  ^t 

P^=—^ -. — i^-= cos  /sin  2/'  cot  2/ 

.;%         sm  i  «3 

P"=— -^  cos  /  (cos  /"—COS  ar)— _1«3  cos  /  sin'  P. 
Hence  the  formula  for  precession  may  be  written 

44.       I  irrrti  ^^"  ^°^  "^[^^~i  ^"^''^^ '~~  ^^"  ^^'  ^'^'^  ^-^^'^  "^^ 

— ; —  sin'  /  sin  2%(  \. 
Similarly  we  would  get  for  the  nutation 

40-  H  — Tl^i^i  — TT      <^0S  / cos  %(. 

2n(l-\-yj)      G  7I3 

The  ratio  of  actual  lunar  precession  to  what  it  would  be  were  the  moon's  orbit 
in  the  ecliptic,  is  therefore  expressed  by 
3 
1—-  sin'  /'=0.99  (very  nearly).^ 

.The  third  term  of  (44)  indicates  a  slight  periodical  variation  from  the  true 
elliptic  motion  referred  to  in  the  next  paragraph.  There  should  be  a  corresponding 
term  in  (45)  which  may  be  obtained  by  the  same  process,  but  they  are  both  too 
minute  to  enter  into  computations. 


'  It  is  worthy  of  remark  that  the  formula  of  Laplace  [3100]  and  [3101]  (Bowditch)  contain  no 
snch  coefficient  qualifying  the  mean  lunar  precession,  though  one  is  found  in  all  the  more  popular 
solQtious;  neither  do  they  contain  the  term  (qnite  minute)  in  2n^  of  (44),  but,  on  the  other  hand 
contain  terms  in  2n,v  (corresponding  to  the  terms  in  2nJ  of  25  and  26),  which,  referred  to  in  the 
fourth  par.  (page  9),  are  generally  omitted  aa  inappreciable. 


Hosted  by 


Google 


RESULTING   FKOM   THE    THEORY    OF   THE    GYROSCOPE,      13 

If  we  multiply  the  coefficient  of  sin  nj.  in  (44)  by  sin  /,  wc  shall  have  the  value 
as  an  arc  of  a  great  circle  of  this  fluctuating  displacement  called  (lie  equation  of  the 
equinoxes  in  longitude.  The  coefficient  thus  modified  will  represent  the  minor  semi- 
diameter,  and  that  of  the  nutation  proper  (45),  the  major  semi-diameter  of  the 
ellipse  of  nutation  ;  they  have  the  ratio  cos  21:  cos  /  nearly.  This  ellipse  has  its 
major  axis  (equal  to  about  18"  of  arc)  directed  towards  the  pole  of  the  ecliptic. 

The  period  of  its  description  — •  is  that  of  the  revolution  of  the  moon's  nodes.     At 

the  same  time  a  minute  ellipse  of  semi-annual  nutation  due  to  the  sun  is  super- 
imposed upon  this.  It  has  its  longer  axis  (about  one  second  of  arc)  likewise  directed 
to  the  pole  of  the  ecliptic.     The  smaller  axis  is  to  the  major  as  cos  /:   1, 

It  is  easy  to  show  that  the  precession  caused  by  the  sun  and  moon  is  equal  (with 
slight  diiference  due  to  the  ratio  we  have  just  been  considering)  to  what  it  would  be 
if  those  bodies  were  uniformly  distributed  in  solid  rings  over  circles  (in  the  plane 
of  the  ecliptic)  about  the  centre  of  the  earth,  having  radii  equal  to  their  mean  dis- 
tances. In  this  case,  unless  there  was  a  particular  relation  between  the  couple 
producing  the  initial  rotation  of  the  earth  and  that  arising  from  the  attraction  of 
tlie  two  rings,  there  would  be  an  extremely  minute  nutation,  of  which  the  period 

would  be  (see  equation  9)  --  ^z --^- ;  which  is  almost  identical  with  the  siderial 

aay  (— ),  the  ratio  being  y,  :  1-     If  we  suppose  the  primitive  rotation  of  the  earth 

to  be  that  alone,  about  its  axis  of  figiire  n,  then  the  nutation  will  exhibit  the  com- 
mon cycloidal  motion  of  equation  (10);  but  its  total  amount  would  be  but  about 
Jj  second  of  arc. 

An  explanation  of  the  deviation  of  rifled  projectiles  will  be  found  in  what  is 
said  (pages  8  and  9)  in  reference  to  the  conversion  of  gyration  about  a  shifting 
axis  into  precession  about  an  axis  perpendicular  to  the  plane  of  motion  of  the 
first.  Elongated  rifled  projectiles,  while  they  maintain  almost  unaltered  their 
"  angle  of  elevation,"  are  found  to  deviate  with  great  uniformity  from  the  vertical 
plane  of  projection,  in  a  direction  corresponding  to  the  twist  of  the  gun,  while 
spherical  projectiles  (fired  from  rifled  gims)  having  precisely  the  same  rotary 
motion,  do  not  so  deviate ;  showing  that  the  cause  of  the  phenomenon  is  something 
else  than  the  direct  action  of  friction  or  pressure  of  the  air. 

In  the  remarks  made  in  the  paragraphs  just  referred  to,  it  is  explained  how 
■  the  consecutive  small  annual  gyrations  about  the  line  from  the  centre  of  the  earth 
to  the  sun  (in  the  tropics)  become,  in  their  integral,  the  movement  which  we  call 
precession,  about  an  axis  perpendicular  to  the  plane  of  motion  of  that  line,  inasmuch 
as  each  small  primary  gyration  causes  a  corresponding  shifting  of  the  line  about 
which  it  takes  place.  Something  very  similar  occurs  to  produce  the  deviation  of 
elongated  projectiles.  In  issuing  from  the  gun,  the  resultant  of  the  atmospheric 
resistance  (denoted  by  the  arrow  R)  coincides  with  the  axis  of  the  projectile,  and  it 
has  no  other  effect  than  to  retard  the  motion  of  translation;  but  the  action  of 
gravity  causes  the  trajectory  to  curve  downwards,  and  the  direction  of  the  atmo- 
spheric resistance  becomes  obliijue  to  the  axis  of  the  projectile  (at  a'),  and  (in 
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14  PRECESSIOS   OP   THE   EQUINOXES   AXD   NUTATIOX. 

almost  all  forms  of  projectiles)  passes  above,  not  through,  the  centre  of  gravity 
g.  We  have  then  the  essential  conditions  of  gyration,  viz.,  a  solid  of  revolution 
revolving  rapidly  about  its  axis,  and  a  dynamic  "conple"  {*.  e.,  the  inertia  of  the 


;:;:32 


projectile's  motion  of  translation  acting  throngh  its  centre  of  gravity,  and  the 
resistance  of  the  air  acting  through  a  point  of  the  axis  more  or  less  distant  from  g) 
tending  to  turn  the  projectile  upwards  about  a  horizontal  (or  "  equatorial")  axis 
through  g,  and  there  is  in  fact,  at  each  instant,  an  elementary  gyration  about  a.  line 
through  g,  parallel  to  R  (the  atmospheric  resistance).  If  this  line  retained  an 
invariable  direction,  the  integral  eifect  of  these  elementary  gyrations  would  be  to 
revolve  down  the  axis  of  the  projectile,  and  we  should  ultimately  find  it  assuming 
horizontal  and  even  sub-horizontal  directions.  But  such  cannot  be  the  case;  the 
direction  of  the  axis  is  no  sooner  deviated,  laterally,  from  its  original  direction,  than 
a  (nearly)  corresponding  change  takes  place  in  the  direction  of  the  resistance  R 
(since  from  the  elongated  form  of  the  projectile,  the  direction  of  its  motion  follows 
pretty  nearly  that  of  its  axis)  and  in  that  of  the  line  (paxallcl  to  R)  about  which 
gyration  takes  place.  The  integral  of  such  a  series  of  elementary  gyrations,  accom- 
panied by  a  corresponding  horizontal  angular  motion  of  the  line  about  which  they 
take  place,  is  angular  motion  about  a  line  perpendicular  to  the  plane  in  which  that 
line  shifts  direction,  that  is,  about  a  vertical.  Hence  the  vertical  direction  (or 
"elevation")  of  the  axis  of  the  projectile  remains  constant,  or  nearly  so,  while  its 
horizontal  direction  undergoes  a  progressive  angular  precession  (if  I  may  so  term 
it),  and  the  deviation  of  rifled  projectiles  is  thus  seen  to  have  analogy  with  the  pre- 
cession of  the  equinoxes.^ 

In  what  precedes  I  do  not  profess  to  throw  new  light  on  a-  subject  so  thorouglily 
studied  as  the  Precession  of  the  Equinoxes;  my  object  has  been  rather  to  make 
evident  the  analogy  that  exists  between  "the  minute  motions  of  the  gj'roscope  and 
that  grand  phenomenon  exhibited  in  the  heavens,"  and  to  show  how  a  common 
analysis  applies  to  both. 

'  It  is  qnite  probable  that  there  are  other  causes  of  (ioviation,  tbe  friction  of  tlie  air  being  (in  ease 
of  long  ranges)  one.     Experimeotal  facta  are  needed  fui-  a  full  discasaion  of  this  subject. 
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MOTIONS  OF  FREELY  SaSPEXDED  AND  GYROSCOPIC  PENDULUMS,  AND 

Oi\  THE  PENDULUM  AND  GYROSCOPE  AS  EXHIBITING 

THE  ROTATION  OF  THE  EARTH. 


Let  the  point  of  suspension  of  the  pendnlnm  he  taken  as  the  origin  of  rectangu- 
lar co-ordinates,  the  axis  of  s  vertical  (downwards),  and  those  of  x  and  y  in  the 
plane  of  the  horizon,  the  former  directed  to  the  east,  the  latter  to  the  north. 

The  forces  which  act  on  the  pendulum  (considered  as  concentrated  in  its  centre 
of  oscillation)  are 

1st.  Gravity,  the  resultant  of  the  earth's  attraction,  and  of  the  centrifugal  force 
of  its  rotation. 

2d.  The  tension  of  the  pendulum  cord. 

3d.  The  force  of  inertia,  the  components  of  which  arc  represented  by  the  differ- 
ential coefficient -   "^ . ■  and 

df'     di^'     df 

4th,  The  disturbing  forces  arising  from  the  earth's  rotation. 
6th.  The  resistance  of  the  air. 

If  we  represent  the  length  of  the  string  by  I,  its  tension  by  N,  and  the  force  of 
gravity  by  g,  and  neglect  the  forces  named  in  the  4th  and  5th  categories,  we  shall 
have  the  three  equations ; 

d^x Nx 

Tf^       T 

(u  ^^y^   ^y 

'-  ^  df-~  I 

d'z  Nz   , 

-iif=—r+s- 

The  forces  due  to  the  earth's  rotation  which  disturb  the  relative  motions  of  a 
projectile,  or  any  material  particle  moving  near  the  earth's  surface,  have  been 
expressed  by  Poisson  (Journal  de  I'Ecole  Polytechnique  Cahier,  26)  as  follows : — ^ 

'  These  expressions  are  perfectly  general  and  applicable  to  all  problems  which  involve  relative 
motions  near  the  earth's  surface,  whether  of  solids  or  fluids.  They  (or  their  equivalent)  appear  in 
the  work  of  Laplace  (Mec.  Cel.,  Vol.  IV.),  as  well  as  of  PoissOQ  (from  whom  I  have  quoted  them), 
in  the  investigations  of  the  motions  of  projectiles.  It  is  somewhat  extraordinary  that  both  of  these 
great  analysts  should  have  failed  to.  perceive  their  remarkable  application  in  the  motions  of  the 
gyroscope  and  pendulum,  to  the  exhibition  of  the  earth's  rotation,  although  the  latter  has  seemed  to 
desire  such  an  exhibition  in  the  sentence:  "Quoique  la  rotation  de  la  terre  soit  maintenant  etablie 

(15) 
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16  THErENDULUMASDGYROSCOPE 

X=2»(|sm.+|cos.) 

(2)  r=-2»^sinX 

at 

z,  = — 'In  ^-cosX. 
at 

In  which  X  is  the  latitude  and  n  the  angular  velocity  of  rotation  of  the  earth. 

These  analytical  expressions  make  their  appearance  in  the  transformations  of 
the  equations  of  motion,  near  the  earth's  surface,  expressed  in  co-ordinates  referring 
to  fixed  axes,  into  others  referring  to  the  moving  axes  which  are  used  in  this 
analysis.  But  these  forces  can  be  obtained  and  their  origin  better  understood  by 
the  following  considerations. 

The  centrifugal  force  of  a  material  point  at  rest  on  the  earth's  surface  at  the 
jj2  *2  cos^  /L 

given  latitude  will  be —  (/■  being  the  earth's  radius).     If  it  has  a  small 

rcosX     ^  "^  2 

dx                                                                         (  n  r  cos  X  +-^) 
relative  velocity  ;^T  to  the  east,  the  centrifugal  force  will  become  .— 1 

Subtracting  the  former  expression  from  the  latter  (omitting  —jt^  )  we  get   for  the 

d  ^ 

centrifugal    force    arising    from    the    relative    velocity   ^  the  expression  2/(--. 

at  ,         dt 

The  component  of  this  in  the  direction  of  the  axis  of  y  will  be  — 2n  sin  X  ^,-,  which 

corresponds  to  the  value  of  T"  (equations  2)  of  Poisson,  and  is  to  be  added  to  the 
second  member  of  the  second  of  equations  (1). 

The  component  of  the  force  just  calculated  in  the  direction  of  the  axis  of  Z  is 
o ^il^ 


This  force  corresponding  to  Poisson's  value  of  Z  is  to  be  added  to  the  second 
member  of  the  third  of  equations  (1). 

A  body  moA'ing  on  a  meridian  of  the  earth's  surface  from  south  to  north  will 
have  the  moment  of  its  quantity  of  motion,  with  reference  to  the  earth's  axis, 
diminished ;  in  virtue  of  which  it  will  press  with  a  certain  force  towards  the  east 

avec  toutc  la  certitude  que  ies  sciences  physiques  comportent,  cependant  une  prmve  directs  i3e  ee 
phenomeBe  doit  iiitcresser  Ies  geometres  ot  Ies  astronomes."  The  former,  io  making  a  partia)  appli- 
cation to  the  pendulum,  of  his  iaTcstigations,  absorbed,  apparently,  in  the  single  object  of  proving 
that  the  accuracy  of  the  instrument  as  a  measure  of  time  was  not  affected,  has  inadvertentJy  assumed 
that  the  disturbing  force  normal  to  the  plane  of  oscillation  is  "  trop  petite  pour  ^carter  sensiblement 
le  pendule  de  son  plan  et  avoir  aacane  iniuence  appreciable  sar  son  mouvement."  (Journal  de  I'Ecole 
Poly.  Cahier  26  p  24  )  It  is  true  indeed  that  the  force  he  mentions,  even  if  permitted  free 
action,  will  have  but  an  inappreciable  influence  upon  the  time,  and  none  whatever  when,  as  in  the 
chronometer  the  plane  is  coniitrained  to  fixedness;  but  the  effect  is  cumulative  in  changing  the 
azimuth  of  the  freely  ^u=*pcndcd  pendulnm 

These  =iame  disturbing  forces,  introduced  aloni;  with  the  attractions  of  the  sun,  moon,  and  earth, 
into  the  general  equations  of  equilibrium  of  fluids,  produce  in  a  very  simple  manner  the  differential 
equations  for  the  tidal  motions.    (Vide  American  Journal  of  Science,  ISfiO.) 
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AS   EXHIBITING   THE   EOTATION   OP   THE   EARTH.  17 

and  the  moment  of  the  force  thereby  developed  is  equal  to  — -  (the  moment  of  its 

dt 
quantity  of  motion).     This  moment  for  the  pendulum  in  any  latitude  ;l,  is  nr*  cos"  \ 
of  which  the  differential  coefficient,  taken  with  reference  to  A,  as  a  function  of  f,  is 
—2nr^  sin  X  cos  A--,  which  is  the  moment  of  the  force  required.    Dividing  by  the 
radius  of  rotation,  r  cos  X^  we  have  -\-2nr  sin  %-^  for  the  expression  of  the  force 

which  (acting  positively  in  the  direction  of  the  axis  of  x)  is  to  be  taken  with  the 
plus  sign. 

In  the  system  of  rectangular  co-ordinates  which  I  am  using  ^  corresponds  to  the 
d%  ^^ 

velocity  expressed  by  r  -^^  ;  and  substituting  it  therefor,  we  have  for  a  disturbing 

force  iu  the  direction  of  the  axis  of  x  the  expression 

%i  sin  tM 
dt 

Iu  almost  precisely  the  same  way  it  may  be  shown  that  a  body  falling  towards 

the  centre  of  the  earth  with  a  velocity  -^  will  have  the  moment  of  its  quantity  of 
dz 

motion  diminished  by  2nr  cos^  Ajt,  giving  rise  to  the  force 

2«  cos  X'^1 
dt 

The  sum  of  these  two  expressions  constitutes  the  disturbing  force  Xof  Poisson, 

and  is  to  be  added  to  the  second  member  of  the  first  of  equations  (1),  and  these 

equations  become' 

d?x  .  Nx     ^      ,      dy  ,  ^  dz 

■^.  +-^-2,.  sm  X^-+2»  cos  X^ 

d^z  ,  Nz  „  d'x 

^„+— -!/^2»iCos  W 


*  There  are  really  other  disturbing  forces  (comparatively  slight  indeed)  than  the  X  Y  ani!  Z  of 
Poisson  (equation  2),  as  appears  from  the  following  considerations  : — 

Draw  a  line  through  the  origin  of  co-ordinates  parallel  to  the  axis  of  the  earth,  and  project  the 
moving  body  on  the  plane  of  y  z.  The  distance  of  the  projection  from  the  line  will  be  y  sin  11+2  cos  r, 
the  distance  of  the  body  from  the  plane  oi  y  z  being  a;;  hence  there  will  be  a  centrifugal  force 
relatively  to  this  line,  due  to  the  earth's  rotation,  tending  to  increase  the  ordinates  x  y  z  hy  its 
components. 

n"  sin  \  {y  sin  s.+z  cos  \) 

n'  cos  %  (y  ain  ^+^  cos  %) 

With  these  expressions  added,  respectively,  to  the  second  members  of  equations  (3),  they  correspond 

to  those  found  in  Carraiehael  (Caleul.  of  Operations),  who  quotes  from  Galhraith  aod  Houghton 

(Proc.  11  Irish  Acad.,  18!>1}.     They  express  forces  of  the  second  order  in  minuteness,  compared 

with  those  expressed  by  equations  (2),  ^d,  insensible  in  their  effects,  are  ncj^lected  in  all  discussions. 

They  are  noticed  here  only  to  recognize  their  esistcnce  and  to  show  their  origin. 

3        January,  1872. 
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18  THE  PENDULUM  AND  GYROSCOPE 

Since  a:^-\-i/"-']-z^—P,  we  have  x  dcc^y  dy-\-z  dz=.0.     Hence  multiplying  equa- 
tions (3),  respectively,  by  dx,  dy,  and  dz,  and  adding,  we  have 
dx  d?x-\-dy  d^y-\-dz  d^z        , 

—    dt'    — =** 

/o\                                     dx^A-d-if-l-dz^     „      . 
(3)3  ^~^de   ^2^s+c 

This  expression  is  independent  of  n,  and  the  velocity  at  any  point  of  the  path 
depends,  in  the  same  way  as  does  that  of  a  pendulum  vibrating  over  a  motionless 
earth,  upon  the  height  of  fall.  The  plane  of  vibration  of  the  chronometer  pendu- 
lum is  maintained  in  a  fixed  relative  position,  thereby  differing  from  a  "freely  sus- 
pended" pendulum.  It  will  be  seen  hereafter,  in  treating  of  the  gyroscope  pendu- 
lum, that  the  forces  which  maintain  this  relative  fixedness  are  equivalent  to  a  force 
varying  directly  as  the  angular  velocity,  applied  at  the  centre  of  gravity,  normally 
to  the  path.  Such  a  force  will  have  no  influence  upon  the  velocity.  Hence  the 
time  of  vibration  of  the  chronometer  pendulum  is  not  aff'ccted  by  the  earth's  rota- 
tion, nor  by  the  azimuth  angle  of  the  plane  of  vibration.^ 

Multiplying  the  first  of  equations  (3)  by  y,  and  the  second  by  x,  and  adding,  we 
get:  — 


d'x  _  ^  d?y_^^^_    •    ■x(Jy^JJ'\^9.n.  cos  a/^ 


y^ 


de  dt"" 


,2.sinx(,|+.f)+2.cos.,J 


Integrating:- 


dx 

'^dt~-^di 


J^=n  sin  X  C^^+2/^)+C+2/i  cos  X^yaz 


The  above  (4)  expresses  that  the  moment  of  the  quantity  of  motion  about  the 
axis  of  z  is  equal  to  a  constant  C  (depending  upon  any  arbitrarily  given  initial 
value)  increased  by  what  is  due  to  the  constant  angular  motion  n  sin  X,  and  by  the 
area  2  J  ydz   (in  the  case  of  ordinary  plane  vibration  this  is  the  projection  on 


»  This  conclusion  is  not  inTalidated  by  the  introi^nction  of  the  disturhing  forces  of  the  order  n' 
referred  to  in  note  to  p.  1 T,  for,  since  the  arc  of  vibration  of  the  chronometer  pcndalum  is  exceedingly 
small,  z  may  be  considered  as  equal  to  I,  the  pendulum's  length,  and  j/  as  very  minute.  Those  forces 
will  thence  be 


1^  I  cos^  \ 

The  third  of  these  is  an  increment  to  gravity,  and  the  first  tends  to  prolong  vibrations  in  the  prime 
vertical.  The  second  is  null  in  its  effects,  siace,  being  always  positive,  it  retards  the  vibration  in 
one  direction  as  much  as  it  accelerates  it  in  the  other.  But  they  are  all  inappreciably  minute,  the 
last  being,  for  the  seconds  pendulum,  an  increment  to  the  force  of  gravity  at  the  eqaator  of  about 

-,  decreasing  the  time  of  vibration  by  about ■ ___ ,     The  first  has  the  con- 

n'  °  •'a  Ann  nnn  nnn 


1.800.000.000 '  3.600.000.000 

trary  tendency  to  increase  the  time  of  vibrations  if  made  in  a  prime  vertical  (or  any  other  plane 
than  a  meridian),  hut  its^S'ect  is  equally  inappreciable  even  when  (as  in  the  prime  vertical)  it  is  a 
maximum. 
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AS   EXHIBITING   THE   ROTATION   OP   THE   EARTH.  19 

the  plane  of  yz  of  the  circular  segment  mcluded  between  the  arc  and  chord  of 
vibration),  multiplied  by  n  cos  X.  This  multiplier,  which  is  the  component  of  the 
earth's  rotation  about  a  diameter  of  the  earth  normal  to  that  passing  through  the 

locality,  indicates  that  the  term  2tt  cos  %^  y  dz  expresses  a  disturbance  produced  by 
this  complementary  component.  As  this  term  for  vibratory  motion  is  small  and 
periodic,  passing  through  nearly  equal  positive  and  negative  values  in  the  course 
of  a  double  vibration,  it  follows  that  n  sin  %  expresses  the  mean  increment  of  angu- 
mortion,  or,  in  other  words,  that,  to  the  plane  or  spherical  vibrations  exhibited  by 
the  pendulum  over  a  motionless  earth,  there  is,  superadded,  in  consequence  of  this 
rotation,  a  uniform  azimuthal  motion  measured  by  the  earth's  rotating  velocity  mul- 
tiplied by  the  sine  of  the  latitude.  This  is  the  material  fact  or  peculiar  feature  of 
the  freely  suspended  pendulum,  and  we  see  that  it  is  exhibited  by  equation  (4) 
generally  for  all  ordinary  vibrations,  whether  plane  or  spherical.  AVe  shall  see 
hereafter,  however,  that  the  disturbing  term  of  equation  (4)  2n  cos  "xfy  dz  expresses 
a  tendency  to  a  like  motion  about  the  complementary  axis,  and  that,  on  the  sup- 
position of  an  infinite  velocity,  this  tendency  may  be  realized,  and  the  plane  of 
motion,  by  the  joint  effect  of  the  two  components,  turn  around  a  parallel  to  the 
earth's  axis,  with  an  angular  velocity  equal  and  contrary  in  direction  to  n. 

In  the  case  of  very  small  deviation^  from  the  vertical,  the  equations  (3)  may  be 
solved  as  follows  ;  The  variations  of  z  then  become  of  the  second  order  of  minute- 
ness compared  with  those  of  x  and  y^  and  omitting  theni  we  have  between  x  and  y 
and  their  differentials  the  relations 

the  integrals  of  which  are  (Gregory  Examp.  p.  390), 

x=-\-X  {D  cos  ^t+E  sin  ^i) 
^  y——S  (D  sin  ^t~£!  cos  ^t) 

in  which  to  (3  is  given  both  the  values  obtained  from  the  quadratic  equation 

a,~a,  I3'=a^  /?  * 
in  which  cto^/i  ai^-^2n  sin  /I,  a^^^l ;  hence  solving  the  quadratic 


/'-IS±4«.±|(f 


Substituting  the  values  of  a^,  &c.,  and  omitting  the  second  term  under  the  radi- 
cal as  inappreciably  small,  we  have 


*  This  equation,  ^ — 3'=2n  sinxiJ,  can  he  got  by  substituting  the  integrals  a;  =  (?  cos  (01 — i), 
—  C  sin  (31 — ()  in  the  given  equations. 
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/5— «  sin  ^±Jy 

Representing  these  two  values  by  /3i  and  /?2,  equations  (5)  may  be  put  in  the 
form  (by  writing  for  B^  and  L\,  C^  cos  ei  and  C\  sin  e^,  &c.,  and  reducing) 
x=     C,  cos  (^it—ei)-\-Oi  cos  {fiit—e^ 
y=  —  C\  sin  {fi-^t—E-^—G^  s\n{p^—E^ 

Assuming  for  (=0,  xr=0  and  ^^=0,  it  will  give  £^^  =  1^=^  n,  and  the  above 

become 

a;=Ci  sin  /?i^+C;  sin  ^^ 
y^  Ci  cos  ^yi-\-  ('%  cos  /^a^ 

Instead  of  the  arbitrary  constants  Ci  and  C^we  may  write  ^(A+B)  and  J(A— B), 
at  the  same  time  substituting  the  values  of  /3i  and  ^^  and  developing ;  by  which 
the  preceding  equations  become  (putting  n  sin  X=«') 

x^A  cos    1^  i  sin  «'  ^-[-5  sin  P-  ^  cos  ii  t 

(6)  -  - 

w:^  A  cos    p'  /  cos  «'  ( — 5  sin  \9_  t  sin  n'  i 

\l  SI 

If  we  transfer  the  cO-ordlnates  now  referring  to  (relatively)  _/?-re(2  axes,  to  others 
•moving  with  the  relative  angular  velocity  n',  that  is,  if  we  transfer  to  axes  making 
at  any  instant  the  angle  n  sin?,  i  with  the  fixed  ones,  the  new  co-ordinates  will 
have  the  values 

x'=x  cos  n't — y  sin  i>!t 
y'z=x  sin  n't-\-y  cos  tit 

or,  substituting  values  of  x  and  y, 

x'=B  sin  J^  t 

y'^A  cos    ^  t 

From  which  we  may  obtain 

A^  x^-^-B"  if^A""  B^ 

which  is  the  equation  of  an  ellipse,  having  A  and  B  for  semi-transverse  and  semi- 
conjugate  axes.  If  B^O  the  ellipse  becomes  a  right  line,  hence  the  earth's  rota- 
tion causes  an  azimuthal  motion  of  this  line,  or  of  the  axes  of  the  ellipse  if  the 
motion  is  elliptical,  equal  to  the  component  of  that  rotation  about  the  local  axis 
and  in  the  reverse  direction. 

The  motions  of  the  "  gyroscope  pendulum,"  which  is  but  the  ordinary  gyroscope 
with  an  exceedingly  long  arm  (or  distance  y,  of  my  analysis,  from  the  point  of 
support  in  the  axis  to  the  centre  of  gravity),  are  indicated  by  equations  precisely 
similar  to  the  above,  deduced  from  an  identical  analysis ;  always  assuming,  as  in 
the  solutions  just  given,  that  the  arcs  of  vibration  are  small,  so  that  vertical  motions 
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may  be  disregarded.  To  prove  this,  I  refer  to  my  expression  (Ji)  and  the  context, 
in  my  analysis  of  the  "Gyroscope."^ 

'"^  -yM  "■ 

for  the  deflecting  force,  as  I  call  it  (a  force  due  to  the  rotation  of  the  disk  with 

angular  velocity  n,  and  acting,  at  the  centre  of  gravity,  normally  to  the  plane  of 

angular  motion  of  the  disk-axis,  or  of  the  arm  of  the  gyroscope  pendulum),  in 

which  3f  is  the  mass,  C  its  moment  of  inertia  about  the  disk-axis,  y  the  distance 

from  its  centre  of  gravity  to  point  of  suspension,  and  v^  the  angular  velocity. 

'  dz 

Disregarding  the  vertical  motions  represented  by  --  on  account  of  the  smallness 

of  the  arcs,  --  -  -  and  y  --  (1  substitute  I  for  the  y  mentioned  above)  would  repre- 
sent very  nearly  the  components  of  angular  velocity  of  the  centre  of  gravity. 
Substituting  these  for  «,  we  shall  get  the  components  of  the  "deflecting  force," 
and  the  ectnations  of  motion  will  be, 

d?x      Nx  _      Cn  dy 

~€U"^^'~~WM  di 

c^y      Ny ,   Cn  dx 

llF+~r~+FJLf  ~di 
d'z  ,  m     , 

These  equations  are  identical  in  all  but  the  value  of  the  coefficients  with  (3), 
when  transformed  to  (8)3,  under  the  same  license.  Of  course  the  motions  of  the 
gyroscope  pendulum  would  have  the  same  solutions,  the  mean  azimuthal  motion  of 

the  nodes  of  its  orbit  being  expressed  by  half  the  coefficient  of  -^,  — Ym'-Aj''  ^^''  ^^^'^^ 

di        2i  M. 

the  moment  of  inertia  A,  of  the  gyroscope,  with  reference  to  a  principal  axis 
through  the  point  of  support,  is  {l  being  supposed  to  be  very  large  compared  to  the 
dimensions  of  the  disk)  very  nearly  VM^  the  mean  azimuthal  motion  is  more  simply 
,  Cn 
2  A' 

This  may  be  more  generally  proved  as  follows:  The  first  of  the  general  differ- 
ential equations  (equations  4  of  my  analysis)  of  gyroscopic  motion  is 

sitf  «  ^=-?-(cos  e-c) 
dt      A 

in  which  6,  counted  from  the  inferior  vertical,  is  the  variable  inclination,  and  i/-  the 
azimuth  angle  of  the  disk-axis  or  pendulum  arm,  and  c  a  constant  depending  on 

initial  values  of  6  and  -^. 


e  American  Journal  of  Science,  185T,  and  Barnard's  American  Journal  of  Edoeation,  185T. 
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23  THE   PENDULUM  AND   GYROSCOPE 

Develop  cos  ^=— (1— sin^  &)-  and  we  get 

For  ordinary  ranges  of  pendulum  vibration  the  terms  involving  positive  powers 
of  sin  6  (which  express  an  excess  of  nodal  motion  for  large  excursions)  may  be 
omitted,  and  we  have 

di- On       Cn    1  — c 

dl~~  2A^^~  sii?0 

Thus  we  see  that  for  small  vibrations,  whether  spherical  or  plane,  the  azimuthal 

motion  is  made  up  of  a  uniform  progression  of  the  nodes  -^-,  and  a  fluctuating 

term  which  represents  the  angular  velocity  in  the  orhU.  Indeed  we  have,  in  the 
second  term,  the  motions  of  the  spherical  pendulum. 

If  we  suppose  the  pendulum  to  have  been  propelled  from  a  state  of  rest  in  the 

vertical,  -  --  must  have  a  finite  value  when  6  is  indefinitely  small,  and  c  must  hence 
cU  ., 

be  unity.     Hence  we  see  that  at  the  very  outset  the  iiiitial  value  -^r  must  he  attri- 

buted  to  -^,  and  that  the  pendulum  reacquires  it  at  every  return  excursion,  that 

is,  whenever  %  diminishes  indefinitely.  Hence  the  pendulum  continues  to  pass 
through  the  vertical  at  every  return.  The  horizontal  pro- 
jection of  the  curve  would  be  a  series  of  loops  radiating 
from  a  common  centre.     For  each  complete  vibration 

the  integral  of  -^^flt  would  represent  the  entire  angular 

motion  of  the  nodal  axis  (much  exaggerated  in  the  dia- 
gram) from  A  to  _!',  &c.,  and  the  integral  of  the  remain- 
ing terms  should  be  'in.  These  loops  are  in  fact  but 
the  path  a  pencil  attached  to  a  common  pendulum 
would  trace  upon  a  paper  beneath,  turning  with  uniform 
angular  velocity  about  the  projection  of  the  point  of  suspension. 

Though  the  numerator  of  the  fraction  — "'   ~"^^  becomes  zero  for  the  case  iust  con- 
A  sm^  0 

sidered,  it  is  evident  that,  at  the  moment  of  passing  through  the  vertical,  the  limiting 
value  must  be  considered  infinity,  and  that  the  integral  through  the  infinitely  short 
time  of  passage  must  be  -n;  for  the  azimuthal  position  undergoes,  at  that  instant, 
an  increment  (or  decrement)  of  a  semi-circumference.  There  is  an  identical  case 
in  the  spherical  pendulum.  Regarding  plane  as  the  final  limit  of  narrowing  spheri- 
cal vibrations,  it  is  .evident  that  the  azimuthal  velocity  of  passage  by  the  vertical 
becomes  very  great  and  has  its  limit  infinity  when  they  pass  ihrougli  the  vertical. 

This  expression  -^^equal  to  ^W  nearlyj  is  a  very  different  thing  from  the 
"mean  precession"  of  the  gyroscope,  Q^J-t  given  in  my  analysis.     The  latter  is 
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the  mean  azimuthal  motion  of  the  body  itself,  the  former  that  of  the  nodes  of  its 
orbit.  The  latter  is  strictly  true  only  for  very  great  values  of  /3;  the  former, 
rightly  interpreted,  is  always  true,  though  it  has  no  special  applicability  except  for 
(as  in  the  gyroscope  pendulum)  small  values  of  ;3.  The  harmony  of  the  two 
expressions  is  easily  shown. 

Practically  the  gyroscope  is  made  up  of  not  only  a  rotating  disk,  but  a  non- 
rotating  frame.  In  estimating  the  "deflecting  force,"  therefore,  iu  the  expression 
(a)  C  should  apply  to  the  disk  alone,  and  M  and  y  to  the  entire  mass  of  disk  frame 
aild  stem. 

The  solutions  that  have  been  given  of  equations  (4)a  for  the  freely  suspended 
pendulum  are  restricted  to  very  small  motions ;  the  following  is  general. 

Transfer  equations  (4)  to  polar  co-ordinates  by  substituting  for  a;,  y,  z  the  values^ 

x=l  sin  ^  sin  9 

y=l  cos  <^  sin  9 

z=^l  cos  B 

in  which  ^i  denotes  the  azimuth  of  the  pendulum  measured  from  the  north,  and  0 
its  deviation  from  the  vertical,  and  we  get 

(7)  -T — ?i  sm  X -L-— ^^— .  ,  ,,    (  cos  ^  sm^  dd0 

^  dt  '  r  sm-  0       sm^  0  J 

in  which  (7  is  a  constant  depending  on  arbitrary  initial  values  of  -?,  the  final  term 

corresponding  to  the  last  term  of  (4), 

At  the  equator  we  have  >.;=0,  and  the  ajimuthal  velocity  expressed  by  the  third 

term  of  (7)  becomes  '- ^  f  cos  A  sin^  6  dQ,  which  being  periodic,  produces  but 

sm^fl^ 
very  minute  change  in  the  plane  of  vibration.  If  the  pendulum  is  propelled, 
from  a  state  of  rest  in  the  vertical,  in  the  direction  measured  by  the  angle  0 
from  the  meridian,  this  angle  will  be  but  very  slightly  affected  by  the  minute 
values  of  the  above  expression  during  the  outward  excursion,  and  the  increment 
which  ^  receives  wiU  be  almost  exactly  neutralized  {quite  so  if  cos  ^  were  abso- 

dt 

lutely  invariable)  during  the  return,  and  the  angular  velocity  due  to  the  term  will 

again  become  zero;  which  cannot  happen  unless  the  pendulum  again  pass  through 

the  vertical  on  its  return,  in  which  case  ^  will  be  as  little  varied  during  the  return ; 

{otherwise  ^  will,  during  the  return,  pass  through  all.  possible  values  from  0  to  |7t, 

and  integration  is  impracticable).     Hence  we  may  assume  ^  as  constant,  and,  as  in 

any  other  latitude,  the  term  in  question  is,  multiphed  by  cos  X,  the  same  as  at  the 

equator,  we  may  generally  integrate  that  term  for  plane  vibrations,  considering 

0  constant,  and  putting  C=  0.     Equation  7  thus  becomes, 

<?A  ■     .  ,6 — sin  0  cos  5 

(S)  -i;=w  sm  X—n  cos  X ^^— 

^  ^  dt  sm^e 


'  The  following  analjaia,  as  far  as  equation  (9),  is  modified  from  Galbraith  and   Houghton. 
Proc.  R.  I.  Acad. 
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If  the  amplitudes  of  the  vibration  are  very  minute,  so  that  S  may  be  substituted 
for  sin  Q  in  (T),  tlie  integral  becomes 

(9)  :7^^  ^'^  ''" — q  **  '^"^  '^  ^^^  ^  ^ 

expressing  the  precession  in  azimuth,  n  sin  ?.,  precisely  as  it  results  from  the  former 
analysis  (equation  6).  The  slight  periodic  disturbance  expressed  by  the  second 
term  of  (9)  escaped  that  analysis,  however,  owing  to  the  omission  of  the  terms 
involving  dz. 

In  the  above  integrals  the  angle  ^  must  be  taken  at  180°  greater  or  less  on  one 

side  of  the  vertical  than  on  the  other,  and  the  parts  of  J'  expressed  by  it  wiU  have 

contrary  signs.  Hence  the  curve  described  in  each  complete  excursion,  disregard- 
ing the  superadded  uniform  azimuthal  motion  expressed  by  the  first  term  of  the 
second  member  of  (9),  wiU  have  the  form  of  an  excessively  attenuated  leniiniscate, 
or  figure  of  8.^' 

For  greater  amplitudes  equations  (8)  will  apply  until  9  becomes  nearly  equal  to 
180°;  if  0  equals  or  exceeds  180°,  it  cannot  he  assumed  that  the  pendulum  will 
pass  through  the  zenith  (the  condition  for  ^  to  remain  nearly  constant),  and  the 
integral  becomes  inapplicable  and  erroneous. 

The  foregoing  integrals  involve  the  condition  that  the  pendulum  shall  pass 
through  the  vertical,  and  imply  that  vibration  is  induced  by  propulsion  from  a 
state  of  rest  in  the  vertical.  But,  in  the  usual  form  of  the  experiment  for  exhibit- 
ing the  rotation  of  the  earth,  the  pendulum  starts  from  a  state  of  relative  rest  at 
the  extremity  of  the  initial  vibratory  arc. 

If  we  disregard  the  symbolic  integral  of  (7),  as  may  he  done,  since  the  minute 
periodic  disturbance  it  measures  has  no  influence  upon  the  permanent  azimuthal 
motion,  that  equation  will  become 

C«)  ^=-™  sin  ;i+„    ^,  ^ 

^  ^  dt  ^t'  sin^  Q 

The  second  term  of  the  second  member  is  identically  the  equation  of  the  "  spheri- 
cal pendulum."  The  latter,  we  know,  exhibits  an  azimuthal  motion  of  the  apsides 
of  its  orbit,  very  minute  when  C  is  small,  but  incomparably  greater  than  the  horary 
azimuthal  motion  when,  C  being  large,  the  conjugate  dimensions  of  the  orbit 
approaches  equality  to  the  transverse,  and  of  which  the  limit  corresponding  to  per- 
fect equality  of  these  dimensions  is  for  one  vibration, 

as  may  be  deduced  from  the  expression  for  V^,  par.  731,  Peirce,  Analyt.  Mech,,  or 
from  expression  [79]  and  [83]  of  Mec.  Ceh  (Bowditch),  by  making  a^d>  and  deter- 
mining the  corresponding  values  of  c  and  dt. 

In  the  case  under  consideration  the  value  of  C  will  be  determined  by  making 

-X:^0  for  the  commencement  of  motion,  0^9^,  hence 
dt 

C^ — n  P  sin  X  sin^  6^ 

"'  See  Additional  Notes,  p.  51. 
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The  pendulum  will  not  move  in  a  plane  passing  through  the  vertical,  but  on  a 
conical  surface  differing  slightly  from  such  a  plane,  and  there  will  ensue  a  slight 
apsidal  motion  reverse  to,  and  diminishing,  the  apparent  horary  motion. 

(6)  The  equation    f=,         ^-j,—-,^ — -,  is  usually  solved  by  the  aid  of  elliptic  in- 

tegrals  {;cide  Prof.  Peirce's  Analyt.  Mech.,  p.  418);  but  for  present  objects  the 
ordinary  processes  of  integration  are  preferable. 

From  equations  (3)a  and  (4)  may  easily  be  deduced,  neglecting  terms  containing 
)(,  and  bearing  in  mind  that 

x^-\-y'-=^T^ — ^^)  ^  dx-\-y  dy^= — z  d% 
—Idz 


{c)  dt= 


in  which  the  upper  or  lower  sign  of  the  radical  is  to  be  taken  according  as  dz  is 
positive  or  negative,  that  is,  as  the  pendulum  is  descending  or  ascending.  The 
quantity  under  the  radical  may  be  put  in  the  form  {^ixide  Mec.  Celeste,  Bowditch, 
Vol.  I.  p.  53). 

2y(a-.)(s-^J)(.+^) 
in  which 

(d)  C'=S  (?-<»')  (f-i") 

a-\-h 
^  rp—a^^ab—h'') 
•'  a-\-h 

a  and  h  being  the  greatest  and  least  values  of  z. 

If  now  we  transfer  the  origin  of  co-ordinates  to  the  lowest  point  of  the  spherical 
surface  by  substituting  for  2,  o,  and  h,  I — u,  I — a,  I — ^,  and  replace  C  and  dt  in  (6) 

by  the  values  above  found,  we  shall  have  (putting  ?_|^x_^pj 

^     ^  a-\-b  u(2l—u)  [(p— m)  (m— a)  0~u)y 

the  varying  sign  of  the  radical  being  understood.  If  we  develop  the  two  factors 
(21 — «)"'  and  (p — «)~^,  and  multiply  the  results,  we  shall  have 

,11/1,1,    3\^,      1/I,l,3,i5\,,„-I 

+8y(f^+7p+2?)«+r6vt^+^+%-^+6p^)"+^^-J 

Strike  out  the  coijinxon  frcfor  t,  end  remove  the  factor  2p*  into  the  denopiiaatar 
of  the  firgt  rt"^'  .1  lactor  (which  factor  ^n  hccoine8^-^£Z^^,^^^)^y'a~^^  and 
the  above  integral  becomes  [vide  Hirsch,  Integral  Tables,  pp.  160-164),  writing  U 
for  —alS'\-(a-\-^)u—u\ 

4      Jaouary,  187a. 
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In  order  that  the  arcs  in  the  above  expression  should  continually  increase  with 
the  time,  the  positive  or  negative  sign  must  be  applied  to  the  radical  -j/  U  accord- 
ing as  u  is  increasing  or  diminishing:  taken  from  u=a  to  11=:^  (or  the  converse), 
the  arcs  all  become  :^ji,  and  the  non-circular  functions  vanish. 

Hence  the  azimuthal  angle  passed  over  by  the  pendulum  in  its  motion  from  a 
lowest  to  a  highest  point  of  its  orbit  (or  the  converse)  is  expressed  by 

The  sum  of  the  terms  after  unity  included  in  the  brackets  is  the  ratio  by  which 
the  azimuth  angle  exceeds  a  quadrant;  or,  if  the  integral  is  taken  through  an  entire 
revolution  (relatively  to  tJw  apsides) ,  it,  multiplied  by  37i,  is  angle  of  advance  of  the 
apsides  per  revolution. 

For  motion  nearly  oscillatory,  of  whatever  amplitude  (i.  e.,  a  being  small  and  ^ 
arbitrarily  large),  or  for  spherical  motions  of  considerable  amplitude  (a  and  /?  taken 
within  limits  not  exceeding  say  one-third  of  I,  corresponding  to  a  swing  of  over 
90°),  p,  always  greater  than  21,  differs  but  slightly  from  that  magnitude.  Giving 
p  that  value,  and  taking  the  angle  ^  for  a  complete  vibration,  or  a  semi-apsidal 
revolution,  we  have  the  formula, 

If  a  and  8  are  both  small  and  nearly  equal,  and  6  the  angle  of  which  they  are 

1 "  I    til  1     (i     mono  1  j  undug  to  th 

f  UoHirsr  tri(n«inc?k  tt  (■    ^-ti      < 

lUff  With  jit-Mon  (a)     u  p  ^4.  1    -^t\e'oi 

itiL      "I      lUff  n  ( ves  near!    '101  „n.  t  i 

Jo        f  (n  itiy^ ^.KCbu  p,  C,  ,-«^ac  1  ii iimtt  v  ^ti.  t     n  1    *  1 
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which  denotes  that  the  line  of  apsides  moves  througli  a  quadrant  while  the  pendu- 
lum is  passing,  through  180°  azimuth,  from  a  highest  to  a  lowest  point;  in  other 
words,  that  the  highest  and  lowest  points  are  diametrically  opposite,  and  the  apsides 
are  apparently  stationary.  This  theorem  is  true  (as  shown  by  Prof.  Peirce),  what- 
ever be  the  inclination  of  the  great  circle,  though  it  cannot  be  generally  made  evi- 
dent by  the  above  formula. 

If  in  (c)  we  make  transformations  and  substitutions  already  described,  develop 
the  factor  (p — m)~",  integrate  between  the  limits  M=a,  m=;/3,  and  double  the  result, 
we  shall  have  for  the  time  of  one  vibration,  or  one  semi-orbital  revolution, 

^'  l71^L'+'^'  — +1274/  \-^}  —%i  %'+(2X6)  —^ 

1.3.5  3a^(«+/J)      „    -1 

^2XS if +    "J 

and  if  a^O,  that  is,  if  the  motion  is  purely  oscillatory,  then  p=^2Z,  and  this  becomes 

and  more  generally  for  any  value  of  a  and  /3  not  exceeding  the  versed  sine  of  thirty 
or  forty  degi-ees : 

"When  a  and  /3  are  both  small,  as  in  most  pendulum  experiments,  the  terms  after 
the  first  in  the  brackets  may  be  omitted,  and  we  have  the  ordinary  expression  for 

the  time  n  A_ 

In  the  expression  {g),  omitting  all  the  terms  in  brackets  after  the  second,  it  is 
evident  that  that  term  will  measure  the  apsidal  motion  for  the  timeji  I-;  and  hence 
that  the  total  integral  of  equation  {a)  taken  through  that  time  will  be, 

and  if  we  denote  by  0'  the  angle  of  azimuth  of  the  apsidal  line  measured  from  its 
initial  direction,  wc  shall  have,  at  any  time  t,  substituting  for  a  and  /?,  I  (1— cos  Oi) 
and  I  (1 — cos  d^). 


"["-^^i^] 


(Ic)  ^'r^fn  sin  X  +  J J|^{1— cos  00  (1— cos  qS\ 


or,  since  6i  is  always  smidl. 


V)  ^■=[„sm?.+|J»ill=pi^Bine,} 


The  angle  0^  being  given,  Oi  is  determined  for  the  ordinary  pendulum  experiment 
by  the  consideration  that  the  constant  C,  of  which  the  value  is  found  p.  24,  is  the 
moment  of  the  quantity  of  moti&n.     As  c  is  very  minute,  the  actual  velocity  at  the 
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lowest  point  will  be,  sensibly,  -\/2gl{l—cos  62),  and  hence  the  moment  at  that  point 
will  be  I  sin  61  \/2gl{l—cos  d^)=C=^—nP  sin  ?.  sin'  62,  from  which  deducing  the 
value  of  sin  ^i  and  substituting  in  (/i:'),  we  have 
(I)  ^'—n  sin;in—  sin^  dz)t 

The  second  term  in  brackets  is  the  retardation  from  the  true  horary  motion;  it 
being  implied,  of  course,  that  the  amplitude  of  oscillation  is  preserved  unimpaired. 
Though  small,  this  retardation  would  be  sensible,  especially  if  6^  ^^^  ^  considerable 
magnitude,  say  eight  or  ten  degrees,  though  inappreciable  for  very  small  oscilfetions. 

Practically,  the  resistance  of  the  air  constantly  diminishes  the  value  of  6^,  and 
failure  to  procure  a  perfect  state  of  rest  to  the  pendulum  before  it  is  set  free,  or 
currents  of  air,  may  give  quite  different  values  to  G  and  c,  and  determine  the  cha- 
racter of  the  orbital  motion  to  be  progressive  instead  of  retrograde ;  and  it  is  gene- 
rally observed  that  the  conjugate  dimension  of  the  orbit  increases  (probably  owing 
to  the  resistance  of  the  air)  as  6^  diminishes.  In  this  way  the  apsidal  motion  due 
to  the  orbit  may  acquire  a  value  quite  considerable  compared  to  the  proper  horary 
motion,  which  will  apparently  be  sensibly  retarded  or  accelerated.  By  observing, 
at  any  period  of  the  experiment,  the  value  of  61  and  62  and  the  direction  of  the 
orbital  motion,  the  coefficient  of  t  in  the  formula  (k')  will  give  the  theoretical  rate 
of  azimuthal  motion  at  that  instant. 

If  the  orbital  motion  is  retrograde  and 


(m)  sin  61=  '1  sin  X 


3  \^(1— cos  e^) 

the  line  of  the  apsides  would  be  stationary.  For  Columbia  College,  where  n  sin 
;ir=^00004T47,  with  a  pendulum  of  26  feet  in  length,  and  a  value  of  6^  of  6°,  this 
would  give  6,=;3',3,  the  actual  semi-axes  of  the  projection  of  the  orbit  being  about 
two  feet  nine  inches  and  one-third  of  an  inch. 

It  would  generally  be  sufficiently  accurate  to  substitute  for  1 — cos  62,  3  sin^  62, 
by  which  formula  (k')  would  become  more  simply, 

(ji)  ^'=r«  sin  7.+  -  P-  sin  di  sin  Q2    \t 

in  which  it  is  seen  that  the  deviation  from  the  proper  horary  motion  is  proportional 
to  the  area  of  the  projection  of  the  orbit. 

The  above,  or  (if),  expresses  the  azimuthal  motion  as  it  would  be  were  there  no 
other  forces  acting  than  those  included  in  the  investigation,  in  which  case  Oi  and  62 
would  be  invariable.  In  point  of  fact  there  are  practically  numerous  disturbing 
forces,  of  which,  however,  the  resistance  of  the  air  is  the  most  considerable,  and 
through  which  0,  and  6^  are  incessantly  changing,  and  it  is  not  improbable  that  the 
change  of  shape  of  the  orbit  may,  in  itself,  cause  some  variation  of  direction  of  the 
line  of  apsides:'  a  matter  which  cannot  be  decided  until  the  problem  of  the  spheri- 
cal pendulum  is  solved  with  the  resistance  taken  into  account. 

'  An  investigation  of  the  simpler  case  of  the  plane  elliptical  motion  of  a  body  attracted  by  a 
central  force  proportional  to  the  distance,  in  a  medium  which  resists  either  directly  or  as  the  square 
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To  get  a  clearer  idea  of  what  is  expressed  by  the  periodic  term  of  (7),  — 2  n  cos  /L 

J  cos  ^  m^  6d6  (which  corresponds  to  the  integral!  y  dz  of  (4)),  we  must  revert 

to  the  latter  equation.  Conceive  the  pendulum  propelled  from  a  state  of  rest  in 
the  vertical,  with  a  very  great  angular  velocity,  denoted  by  v,  in  the  plane  of  the 
meridian.  Were  the  earth  motionless,  it  would  continue  to  whirl  in  this  plane, 
passing  through  the  zenith  at  every  revolution.  Introduce  the  element  of  the 
earth's  rotation,  and  the  two  terms  of  equation  (4)  containing  n  take  effect,  by  the 
first  of  which  the  plane  of  revolution  moves  in  azimuth  with  the  angular  velocity 
n  sin  7,.  The  second  expressing  that  there  will  be  an  increase  of  the  moment  of 
th^  quantity  of  motion  about  the  vertical  after  a  time  T  proportionate  to  the  area 

generated  in  that  time  J  y  dz.     Under  these  conditions  this   area  is  cumulative, 

and  at  the  end  of  one  revolution  expresses  the  area  of  the  circle  of  radius  I.  Let 
us  suppose  that  the  plane  of  motion  turns  about  a  line  parallel  to  the  complementary 
terrestrial  axis  with  an  angular  velocity  n  cos  ?,.  At  the  end  of  the  time  T  (sup- 
posed very  small)  the  plane  will  make  with  the  meridian  the  angle  n  cos  XT,  and 
as  the  quantity  of  motion  in  its  own  plane  is  vl,  its  moment  referred  to  a  vertical 
axis  will,  from  zero,  have  become  vP  sin  (w  cos  XT),  or,  substituting  the  small  arc 
for  its  sine, 

vT'  n  cos  XT 

But  T,  for  one  revolution,  is  expressed  by  —  hence  the  above  becomes 


The  area  of  the  circle  which  is  generated  in  the  same  time  is  nP  and  is  expressed 

by  the  integral  Cy  ds,  and  it  is  easy  to  show  for  each  successive  revolution  that 

the  area  j  y  dz  multiplied  by  2n  cos  /L  corresponds  to  an  increment  of  the  moment 

of  quantity  of  motion  about  the  vertical  which  it  would  receive  from  a  turning  of 
the  plane  about  the  complementary  axis  tlirough  the  angle  ncos  X  t. 

Hence,  for  the  particular  case  under  consideration,  the  second  term  of  second 
member  of  equation  4  expresses  an  angular  motion  about  the  complementary  axis 
of  which  n  cos  X  is  the  velocity.  The  resultant  of  this,  and  the  azimuthal  com- 
ponent, is  rotation  about  an  axis  parallel  to  that  of  the  earth,  and  opposite  in 
direction  to  the  earth's  rotation. 

The  above  theorem  can  be  analytically  demonstrated.  The  quantity  iV,  expres- 
sive of  the  tension  of  the  cord,  is  made  np  of  the  centrifugal  force  due  to  the  pen- 
dulum's relative  angular  motion  and  of  the  variable  component  of  the  force  of 
gravity  (neglecting,  as  we  have  done,  quantities  of  the  order  n"-).  If  this  centri- 
fugal force  is  so  great  that  the  component  of  gravity  may  be  neglected,  ---  will 

of  the  velocity,  itii3icatea  no  apsidal  motion  accompanying  the  decrease  of  parameters  of  the  orbit. 
Neither,  however,  does  it  indicate  the  enlargement  of  the  minor  axis  'initially  very  small)  so  uni- 
versally observed  in  tne  pentlulura  esperiments. 
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30  THE   PENDULUM   AND    GYROSCOPE 

reduce  to  the  constant  i?  {v  being  the  impressed  angular  velocity  of  pendulum 
movement),  and  the  second  and  third  of  equations  (3)  will  yield  the  equation 

—J^  cos  3.— 2  sin  ^)^ — ■^  (y  cos  % — z  sin  X)— ^  sin  X 
the  integral  of  which  is 

wcos  %~~z  sin  %■=. — ^^y^- — i-A  cos  vt-\-B  sin  vt 

The  above  is  independent  oin\  y  cos  ?. — z  sin  X  is  the  value  of  the  new  co-ordi- 
nate of  ^  when  the  axis  of  y  is  changed  to  parallelism  to  that  of  the  earth.  Hence, 
as  thus  transformed,  this  co-ordinate  is  unaffected  by  the  earth's  rotation,  the  plane 
of  pendulum  motion  must  turn  (if  it  turns  at  all)  about  such  an  axis. 

The  assumption  for  i!^^0,  of  y=0,  z^=l,  -^^^Iv  — :^0  gives 
dt  dt  ° 

[b=1  cos  ?, 
(10)       hence     y  cos  X — z  sin  ^= — ^  sin  X  (1 — cos  vi)-\-l  sin  (vt — X) 

The  second  term  of  the  second  member  of  the  above  gives  precisely  the  value 
which  the  first  member  would  have,  were  the  plane  of  pendulum  motion  stationary 
or  were  it  turning  with  any  angular  velocity  about  an  axis  parallel  to  the  earth's. 
The  first  term  is,  owing  to  the  assumed  high  value  of  u,  very  minute,  and  is  periodic, 

the  period  being  equal  to  — ,  the  time  of  the  pendulum's  revolution  in  its  circular 

M 

orbit.     Owing  to  its  minuteness  and  periodicity,  this  term  may  be  neglected,  and 
equation  (10)  becomes 

y  cos  X — s  sin  /L^Z  sin  {vt — X) 

to  satisfy  which,  and  at  the  same  time  the  three  difi'crcntial  equations  (3)  (omitting 
g,  as  we  have  found  reason  to  do  in  (10),  and  also  omitting  terms  containing  m,  in 
the  developments),  requires  the  following  values  for  the  co-ordinates:  — 
x=::^l  sin  nt  cos  {vt — X) 

y^l  [cos  X  sin  (vt — X)-^-sin  X  cos  nt  cos  (vt — X)'\ 
z^I  [ — sin  /L  sin  (vt — X)-|-cos  X  cos  nt  cos  (vt — X)] 
Changing  the  axes  of  y  and  z  by  turning  them  through  the  angle  X,  wo  should 
have  for  new  co-ordinates, 

x'=2  sin  nt  cos  (vt — X) 
'jl=l  sin  (vt — /L) 
z'^;  cos  nt  cos  (vt — X) 
If  we  now  change  the  plane  of  yz  by  moving  it  through  the  variable  angle  nt 
about  the  axis  of  y,  we  get, 

a/'=0 

ij'=d  sin  (vt — X) 

€=d  cos  (vt—X) 
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AS   EXHIBITING   THE   ROTATION   OF   THE   EARTH.  31 

These  values  show  that  the  plane  of  pendulum  revolution  turns  about  an  axis 
parallel  to  the  earth's  with  the  relative  angular  velocity  n;  or,  in  other  words,  that 
the  plane  preserves  its  parallelism  to  itself  in  space. 

If  we  had  a  succession  of  pendulums  rigidly  connected  with  each  other,  the  dis- 
turbing eifect  of  gravity  would  be  eliminated.  Such  a  succession  would  be  simply 
a  gyroscope,  and  the  gyroscope,  mounted  in  gimbals  and  set  running  in  a  meridian 
plane,  would  exhibit  the  apparent  rotation  of  its  disk  around  an  axis  parallel  to  the 
earth's  axis  equal  and  contrary  to  that  of  the  earth;  which  is  simply  saying  that  as 
the  earth  revolves  the  plane  of  the  disk  maintains  its  parallelism  to  itself,  and  if  we 
suppose  its  axis  directed  at  a  star  in  the  plane  of  the  equator,  it  would  follow  that 
star  so  long  as  the  rotation  of  the  disk  is  sustained/ 

The  pendulum  experiment,  in  its  ordinary  form,  exhibits  not  the  whole  rotation 
of  the  earth,  but  only  one  component  of  it;  the  component  which  belongs  to  an 
axis  passing  through  the  locality.  It  is  perhaps  quite  as  interesting  and  important, 
as  being  the  only  experimental  demonstration  we  can  have  of  a  principle  difficult 
of  comprehension,  but  as  fundamental  to  mechanics,  since  its  enunciation  by  Euler, 
as  the  corresponding  one  of  the  decomposition  of  linear  velocities,  viz.,  that  of  the 
decomposition  into  distinct  components,  of  rotary  velocities.  The  plane  of  the  pen- 
dulum appears  to  turn  relatively  to  the  surface  of  the  earth  simply  because  the 
earth  turns  just  so  much  underneath  it,  the  earth  really  revolving  about  the  local 
axis  with  a  certain  calculable  component  of  velocity.  The  earth  turns  at  the  same 
time  with  another  component  of  velocity  about  another  axis  (the  complementary  one), 
and  the  joint  effect,  or  the  resultant  of  the  two  components,  is  the  rotation  about 
the  polar  axis.  The  second  component,  very  gi'cat  as  we  approach  the  equator, 
where  the  first  vanishes  entirely,  is  not  exhibited  by  the  pendulum,  and  is  only 
detected  by  analysis  as  a  slight  disturbance.  Convert  the  pendulum  into  the  gj'ro- 
Bcope,  however,  and  this  second  component  appears  equally  with  the  first. 


1  Owing  to  the  friction  of  the  gimbals,  there  would  be,  practically,  besides  the  motion  above 
described,  a  motion  of  the  axis  in  the  plane  of  the  meridian,  nori^h  or  south,  according  to  the  direc- 
tion of  the  disk  rotation;  tbia  angular  motion  might  be  greater  or  less  than  the  equatorial  motion, 
but  would  be,  with  a  we II -constructed  apparatus,  independent  of  it,  at  least  for  the  brief  time  during 
which  a  gyroscope  experiment  would  last. 


Hosted  by 


Google 


Hosted  by 


Google 


INTEKNAL  STRUCTDRE  OF  THE  EARTH  COSSIDERED  AS  AFFECTING 
THE  PHENOMENA  OF  PRECESSION  ANI)  NUTATIOJi. 


Toe  equations  of  precession  and  nutation  are,  as  is  well  known,  entirely  indepen- 
dent of  any  particular  law  of  density,  and  are  functions  only  of  the  absolute  values 
of  the  moments  of  inertia  abo.ut  the  equatorial  and  polar  axes  A  and  (7,'  and  are 
independent  indeed  of  the  figure  of  the  earth,  except  so  far  as  it  affects  the  values 
of  these  moments. 

Moreover,  if  the  earth,  instead  of  being  solid  throughout,  is  (as  supposed  by  most 
geologists)  a  solid  shell  inclosing  a  fluid  nucleus,  it  is  only  necessary  (leaving  out 
of  consideration  the  pressure  that  may  be  exerted  on  the  interior  surface  by  the 
fluid)  that  the  shell  should  have  these  moments  of  inertia.  Mr.  Poinsot^  has  obtained 
as  the  results  of  calculation  for  a  homogeneous  spheroid,  values  of  precession  and 

nutation  identical  with  those  of  observation,  by  takin<r  the  ellipticity  at  -  and 

^  308.65 

»j  (the  ratio  of  mass  of  moon  to  that  of  the  earth),  at  — . 

88 
We  have,  assuming  a  uniform  density,  indicating  by  a  and  b  the  equatorial  and 
axial  radii,  and  by  e  the  ellipticity: — 

C=  ^.7t  a*  5^(approx.)  A  tt  ¥  (I+4e) 
^^  *^7t  (a*  b+a^  ^')=^^  ^'  (1+3^) 

(46)  -^^-rr-i-— 4.^ 

G         14-4e 
If  e  is  taken  at  _^  then     ~     —      ^-  -.     But  all  meridian  measurements  of 


:,  of  course,  the  equality  of  all  moments  of  inertia.  A,  aboat  the  equatorial  ases,  and 
overlook  all  questions  as  to  the  non-symmetry  of  the  earth  with  respect  to  its  axis  of  figure  or  to  the 
equator;  for,  in  fact,  neither  the  rotation  of  the  earth  nor  auy  observable  celestial  phenomctia  reveal  it- 
'  Connaissance  des  temps,  1858. 


January,  187S. 


(33) 
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34  PRECESSION   OF   THE   EQUINOXES   AND   NUTATION 


determination  makes  it  nq"K,t  ^Y  S^^^^S  '^'lich  valuo  to  c  wc  obtain 


the  earth  indicate  an  ellipticity  greater  rather  than  less  than ;*  and  the  latest 

1 ^     ^-Ili-   ^ 

O    ~299' 

Therefore  the  observed  precession  is  to  that  which  would  result  in  a  homogeneous 
spheroid,  from  the  formulas,  with  the  latest  determined  valuo  of  e  introduced,  as 

299  :  311.7,  provided  the  relative  mass  of  the  moon  bo  but  ---.J 

C—A 
The  value  of  —Pi~  would  be  the  same  for  a  homogeneous  sitell  of  which  the  inte- 
rior surface  had  the  same  eUipticUy,  e,  as  the  exterior ;  or  it  would  be  the  same  for 
a  shell  of  which  all  the  elementary  strata  had  the  same  ellipticity,  in  which  the 
density,  constaiit  through  each  stratum,  should  vary  according  to  any  law,  from 

stratum  to  stratum.    The  xiitio  of  299  :  31 2. T,  so  nearly  unity  (:=0.96— —  nearly), 

while  the  ratio  of  mean  to  surface  density  of  the  earth  is  so  high,  indicates  nearly 
imiform  ellipticity  of  stratification,  and  hence  fluidity  of  origin  ;  while,  on  the  other 
hand,  the  considerable  inequalities  in  the  equatorial  axes  indicated  iii  the  note 
below  are  incompatible  with  the  hypothesis  of  actual  fluidity  beneath  a  thin  crust, 
and  are,  to  the  measure  of  their  probability,  a  disproof  of  it. 

The  effect  upon  the  axial  movements  of  such  a  shell  which  would  result  from  the 
pressures  of  an  internal  fluid  has  been  made  the  subject  of  an  elegant  mathematical 
investigation  by  W.  Hopkins,  IMi.S.,  in  the  Philosophical  Transactions  of  1839- 
40-43.  On  tlie  supposition  of  a  uniform  density  of  shell  and  fluid,  and  the  same 
ellipticity  for  inner  and  outer  surfaces  of  the  shell,  the  precession  will  be  the  same 

*  Airy,  "  Figure  of  tlie  Eartli,"  Encyc.  Mctrop. ;  Guillemin:  MSdlcr,  Am.  Journ.  of  Science,  Tol. 
SO,  1860,  makes  ihe  polar  compression  of  greatest  meridian  — 

1 

02.6"( 

(Article  translated  by  C  A.  Schott,  U.S.  Coast  Survey,  from  Prof.  Hois'  "Astronomic,  Metcorologie 
et  Geographic,"  Nos.  51,  52.      1859.) 

f  Appendix  "Figure  of  the  Earth"  to  the  "Comparisona  of  Standards  of  Length,"  published 

186Gby  theBrilish  Ordnance  Survey,  gives  for  a  "spheroid  of  revolution, " =-^^;  for  a  spheroid 

"     "  '  &— c  1  a— 6  1  „,  ,  ^.,.  .  ^^^^    ,     , 

~ — =„■„  o„i    - — -  =  „t,„n  -  ■     The  probabilities  of  the  latter  sup- 
position to-tlie  former  being  154  :  138. 

J  There  is  yet  great  nncertainty  as  to  the  relative  mass  of  the  moon,  and  as  long  as  that  point  is 
unsettled,  so  is  also  the  ratio  of  observed  to  calculated  precession.     Laplace,  from  observations  of 

the  tides  at  Brest,  fixed  it  at  — ,  which  number  is  adopted  by  Ponteeoulant.   Former  determinations 

75  J  J 

from  the  observed  nutations  make  it  g,  -or;  hnt  -^  was  the  determination  from  the  coefEcient  of 

nutation  of  Lindenan.     Guillemin  gives  ^,  and  these  two  last  nnmbers  coincide  nearly  with  that 

nsed  by  Poinsot.  A  discussion  by  Mr.  Wm.  Ferrell,  member  of  National  Academy  of  Sciences,  of  tidal 
observations  made  for  a  series  of  years  at  the  port  of  Boston,  as  well  as  those  at  Brest,  gives  results 
confirmatory  of  the  larger  ratio  of  Laplace.  Serret  {Annales  de  i'Observatoire  Imp.  1859)  assumes 
-  -L  and  deduces  ^—  =  -i-  =  0.00327.  These  ratios  are  adopted  by  Thomson  and  Tait,  §§  803, 
828.     Archdeacon  Pratt  ("Figure  of  the  Earth,"  4th  ed.  1871)  adheres  to  Laplace's  determination. 
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IN  RELATION  TO  THE  EARTH'S  INTERNAL  STRUOTrRE.  35 

and  the  nutation  essentially  the  same  as  for  a  homogeneous  spheroid;  but  for  the 
actual  case  of  a  heterogeneous  fluid  contained  in  a  heterogeneous  shell  he  finds 
that  the  ellipticity  of  the  inner  surface  of  the  shell  must  be  less  than  that  of  the 
exterior  in  the  proportion  of  the  observed  precession  to  the  precession  of  a  homoge- 
neous spheroid  of  same  external  ellipticity,  a  proportion  which  lie  assumes  to  be  -, 

in  accordance  to  the  then  received  numbers  for  elHpticity,  and  for  the  mass  of  the 
moon. 

Tlie  fulfilment  of  the  condition,  in  the  actual  constitution  of  the  earth,  is  improb- 
able ;  for  the  isothermal  surfaces  are  in  all  probability  (and  indeed  by  his  own 
mathematical  conclusions)  of  progressively  greater  ellipticity  from  the  surface  in- 
wards. He  finds,  however,  the  requisite  decrease  of  elHpticity  in  the  fluid  surfaces 
of  equal  density,  assuming  the  well-known  hypothetical  law  of  density  of  Laplace 

sin  qb  ,     •   n 

^=  A  — T — ;  but  we  know  not  the  influence  which  pressure  has  upon  solidification, 

and  it  seems  probable  that  the  interior  surface  of  the  shell  would  conform  nearly  to 
the  surfaces  of  equal  temperature.  The  demand  which  he  makes  for  800  or  1000 
miles  thickness  of  shell  is  therefore  a  minimum  (for  the  data  used},  while  the  more 
probable  result  is  a  much  greater  thickness  or  even  entire  solidity.  But  however 
elegant  may  be  Mr.  Hopkins'  analysis,  the  basis  of  the  structure  is  but  slender,  and 
those  results  have  not  been  generally  accepted  as  fully  decisive  of  the  question. 

Sir  Wm.  Thomson,  F.It.S.,  brings  forward  (Philosophical  Transactions,  1863; 
also  Thomson's  and  Tait's  Treatise  on  Natural  Philosophy,  1867)  arguments 
against  the  popular  theory  of  a  thin  crust,  which  are  more  forcible.  A  thin  crust 
would  itself  undergo  tidal  distortion,  and  the  height  of  the  apparent  tides  of  the 
ocean  be  thereby  much  reduced,  while  the.ac(Ma^  precession  would  be  diminished 
in  the  same  ratio;  that  is,  the  diff'erential  forces  of  the  sun  and  moon  would  expend 
themselves  in  producing  these  solid  tides  instead  of  producing  precession. 

From  a  theoretical  investigation  (given  in  a  separate  paper  in  the  same  volume)^ 
of  the  deformation  experienced  by  a  homogeneous  elastic  spheroid  under  the  influ- 
ence of  any  external  attracting  force,  he  arrives  at  the  result  that,  if  the  earth  had 
no  greater  rigidity  than  steel  or  iron,  it  would  yield  about  f  as  much  to  tide-produc- 
ing influences  as  if  it  had  no  rigidity— more  than  |  as  much  if  its  rigidity  did  not 
exceed  that  of  glass.  Moreover,  the  apparent  ocean  tides  (or  difi'erence  of  high 
and  low  water  level)  would  be  (if  B  is  the  measure  lor  a  perfectly  rigid  earth) 

0.59  7/,if  the  earth  had  the  rigidity  of  iron  or  steel  only;  /^^H  if  it  had  that  of 
glass.  ^2 

As  to  precession,  the  centrifugal  force  of  the  crowns  of  the  tidal  elongation  would 
balance  ^  of  the  dynamic  couple  resulting  from  the  sun's  or  moon's  attraction 
if  the  earth  had  only  the  rigidity  of  glass,  and  |  if  it  had  only  that  of  steel. 

"  That  the  efiective  tidal  rigidity,  and  what  we  call  the  precessional  efi'ective 


"  Treatise  on  Natural  riiilos.,"  §  832  ei  a. 
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rigidity  of  the  eartli,  may  be  several  times  as  much  as  that  of  iron  (which  would 
make  the  phenomena,  both  of  the  tides  and  precession,  sensibly  the  same  as  if  the 
earth  were  perfectly  rigid),  it  is  enough  that  the  actual  rigidity  should  be  several 
times  as  great  as  the  actual  rigidity  of  iron  throughout  2U00  or  more  miles  thick- 
ness of  crust," 

A  theorem  fundamental  to  the  establishment  of  the  above  propositions  is,  that  a 
revolving  spheroid  destitute  of  rigidity,  a  homogeneous  fluid  one,  for  instance, 
would  have  no  precession.  Sir  W.  Thomson  does  not  mathematically  demonstrate 
this  theorem,  but  by  use  of  an  hypothesis  gives  an  elegant  illustration  of  its  truth, 
for  which,  though  to  me  it  is  convincing,  I  prefer  to  substitute  the  following 
demonstration. 

Such  a  spheroid,  all  the  particles  of  which  revolve  about  an  axis  with  a  common 
angular  velocity  w,  and  attract  each  other  by  the  law  of  universal  gravitation, 
would  have  the  form  of  an  ellipsoid  of  revolution,  the  ellipticity  of  its  meridional 

section  bemg  -  — .*      (See  "  Figure  of  the  Earth,"  Encyc.  Metrop.,  par.  33,  by  Prof. 

Airy.)  Attracted  by  the  sun,  its  tides  would  be  expressed  by  the  terms  of  [231C] 
Mec.  Cel,  Book  IV  (Bowditch).  Of  these  three  terms,  the  first  (a  function  of  the 
declination  only  of  the  attracting  body)  and  the  third  (the  semi-diurnal  oscilla- 
tion) express  tidal  elevations  symmetrically  distributed  on  each  side  of  the  equator, 
which  would,  hence,  exert  no  influence  through  the  centrifugal  forces  of  their 
masses,  upon  precession.  The  second  therefore,  or  tlie  diurnal  iide,  is  alone  to  bo 
considered. 

Conceive  a  meridian  plane  passed  through  the  sun  at  any  declination,  the 
"  couple"  exerted  by  its  attraction  would  be  exerted  wholly  to  turn  the  spheroid 
about  an  equatorial  axis  normal  to  this  plane.  We  have  therefore  to  investigate 
what  dynamic  couple,  with  reference  to  this  same  axis,  will  be  exerted  by  the  cen- 
trifugal force  of  the  diurnal  tidal  protuberance.  As  the  calculation  involves  the 
state  of  things  at  but  a  single  instant  of  time,  the  angle,  ni-\-cj — 4-,  may  be  written 
d  and  counted  from  the  meridian  of  the  sun:  p,  the  uniform  density  of  the  fluid, 
taken  as  unity.  The  height,  i/,  of  the  diurnal  tide  will  be  expressed  for  all  parts 
of  the  spheroid  by 

(47)  ?/—     -y-  sin  0  cos  0  sin  X  cos  ?.  cos  a'f 

in  which  X  is  the  polar  distance  or  complement  of  the  latitude  of  the  locality,  and 
0  the  declination  of  the  sun.  If,  with  Laplace,  we  put  cos  3,=;/,  and  sinX^l/l — fi"^, 
the  mass  of  the  elementary  column  of  height  y  will  he  yd  ft  dxs,  and  its  centrifugal 


*  g  being  tlie  force  of  gravity  at  the  equator  of  the  hypolhe.tic.al  gphe.roid. 
f  The  expression,  in  the  original,  for  the  diurnal  oaeillation,  is 

-    -, „-;  sin  Fees  Fsin  a  cos  $  cos  {nt-i-ti — 4) 

The  notation  of  my  paper  on  the  precession  of  the  equinoses  is  substituted,  and  the  assumed  Talue 
of  (>  introduced. 
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force  (the  radius  of  the  spheroid  being  taken  at  unity,  and  the  variation,  Eissnined 
slight,  due  to  ellipticity,  disregarded)  n^yd^  d^^l—fj^_  Xhe  component  of  this 
tending  to  tilt  the  spheroid  about  the  axis  in  question  Is  li^y  dfi  (Zsi/l — ^(r  cos  cr, 
and  its  moment  n^y  dfi  da  pl/l— /^^  cos  cr. 

Substituting  the  value  of  y  (47),  the  above  becomes 

5i^  >^^-  sin  6  cos  0  du  ds;  u^  (1— a^)  cos^  cr 

Integrating,  first  with  reference  to  ;/  from  (;— —  1  to  f(=+l,  then  with  reference 
to  a  from  0  to  2  tt,  wc  get,  as  the  expression  for  the  couple  due  to  "the  centrifugal 
force  of  the  crowns  of  the  tidal  elongation,"  resisting  the  sun's  action, 

(48)  2:i":'_f  sin  0  cos  d 

We  have  found  (19)  for  the  moment  of  the  sun's  force,  producing  precession, 
the  expression 

~  (C—J\)  sin  0  cos  0 

and  (46),  (C— ^)— — Tte  (h  being  taken  at  unity)  and  e,  as  already  stated,  is  for 

a  homogeneous  fluid  spheroid  — '-  ^.     Making  these  substitutions,  the  above  cx- 

4   ^  ° 

prcssion  becomes  identical  with  (48).  The  processional  force  of  the  sun  is,  there- 
fore, exactly  neutralized,  by  the  centrifugal  force  of  the  tidal  sweUing. 

The  theorem  could,  doubtless,  be  demonstrated  for  a  revolving  fluid  spheroid 
in  equilibrium,  of  which  the  density  of  the  strata  varies.  'Without  extending  any 
further  the  mathematical  analysis,  it  will  be  sufficient  to  remark  that  the  calculation 
of  the  tidal  elevations  is,  identically,  that  of  equilibrium  of  form  of  the  revolvino- 
body  subjected  to  a  foreign  attraction,  and  in  the  calculation  the  motion  of  rotation 
is  disregarded,  and  the  centrifugal  force,  which  expresses  its  entire  effect  upon  the 
form,  alone  considered.  Under  this  point  of  view,  equilibrium  of  form  is,  necessarily, 
equilibrium  (or  stability)  of  position.  For  if  any  effective  turning  force  exists,  it 
must,  in  order  not  to  interfere  with  equilibrium  of  form,  either  be  so  distributed  as 
to  give  each  individual  particle  of  the  spheroid  its  proper  relative  quantity  of  turn- 
ing motion,  or  it  must  he  a  distorting  force.  The  first  alternative  cannot  be  admit- 
ted; the  second  is  excluded  by  the  hypothesis  of  equdibrium.  Hence,  there  can 
be  no  turning  (or  precessional)  force. 

The  accuracy  of  the  foregoing  analysis  is  complete,' except  that  the  consideration 
of  rehitive  motion  of  the  particles  is  excluded.  But  Laplace  shows  (p.  604,  Vol.  II, 
Bowditch)  that  as  the  depth  of  the  ocean  increases,  the  expressions  for  the  tidal 


>  There  are  slight  errors  of  approximation  :  1st,  in  the  tidal  expression  (4T)  itself;  2d,  in  tlie  above 
integration  which  disregards  the  variation  of  the  radius ;  and,  3d,  in  the  value  of  C A.  They  neutra- 
lize each  other  in  the  final  result. 
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oscillations  given  by  the  dynamic  theory  approximate  rapidly  to  those  of  the 
"equilibrium  theory,"  with  which,  when  the  depth  is  very  great,  or  the  spheroid 
wholly  fluid,  they  are  essentially  identical.  Moreover,  he  shows  (p.  219,  Vol.  I) 
that  the  vertical  motions  of  the  particles,  when  the  depth  is  small,  may  be  disre- 
garded. When  the  spheroid  is  wholly  fluid,  all  the  relative  motions  of  the  particles 
are  of  the  same  order  as  the  vertical  ones  and  exceedingly  minute ;  and  the  forces 
of  inertia  thereby  developed  are  insensible  compared  with  those  we  have  been  con- 
sidering,^ 

By  parity  of  reasoning  the  truth  of  Sir  W.  Thomson's  propositions  conceming  a 
sohd  but  yielding  spheroid  is  made  evident;  for  exactly  in  the  same  ratio  to  tiie 
tides  of  a  fluid  spheroid  that  the  solid  tidal  elevations  are  produced  (the  actual 
ellipticity  of  the  earth  being  nearly  that  of  equilibrium  with  the  centrifugal  forces), 
will  the  precessional  couple  due  to  the  tide-producing  attraction  he  neutralized  by 
their  centrifugal  action.^  That  a  thin  solid  crust,  such  as  geologists  generally 
assume,  would  yield  and  exhibit  tidal  elongations,  seems  without  calculation  very 
probable ;  but  it'  Sir  W.  Thomson  is  correct  as  to  the  rigidity  reqidred  in  even  a 
wholly  solid  earth,  the  hypothesis  of  a  thin  crust  must  be  abandoned,  and  it  would 
seem  indeed  that  rigidity  several  times  as  great  as  the  actual  rigidity  of  iron 
throughout  2000  or  more  miles  thickness  of  crust  would  be  incompatible  with  a 
very  high  internal  temperature. 

Without  having  recourse  to  Sir  W.  Thomson's  profound  analysis,  the  necessity, 
in  order  that  there  shall  be  no  sensible  solid  tidal  wave,  of  a  very  high  rigidity 

*  The  foregoing  demonstration  does  not  conflict  with  Laplace's  theorem  that  ocean  tides  do  wot 
affect  the  precession ;  for  his  theorem  applies  only  to  a  shallow  ocean  over  a  rigid  nucleus,  of 
which  oeeau  the  precessional  couple,  by  altered  attractions,  pressures,  and  centrifugal  forces  due  to 
generation  of  living  forces  in  the  fluid,  is  transferred  to  the  nucleus.  I  have  already  alluded  to 
the  minuteness  of  the  motions  of  the  particles  of  a  fluid  spheroid.  The  remarks  apply,  &  fortiori, 
to  those  of  an  elastic  solid.  Vibratory  motions,  properly  speaking,  cannot  exist,  for  the  elastic 
forces  extremely  minute  are  always  held  (sensibly)  in  e(|uilibrium  by  the  distorting  forces.  The 
solid  surface  would  oscillate  in  the  same  sense  that  the  ocean  tides  oscillate,  i.  e.,  by  a  "forcoil'' 
tide- wave. 

'  "It  is  interesting  to  remark,"  say  Thomson  and  Tait  fg  848,  "Treatise,  &c."),  "that  the  popular 
geological  hypothesis  of  a  thin  shell  of  solid  material,  having  a  hollow  space  within  it  filled  with 
liquid,  involves  two  effects  of  deviation  from  perfect  rigidity  which  would  influence  in  opposite  ways 
the  amount  of  precession.  The  comparativeh  easv  yielding  of  the  shell  must  render  the  effective 
moving  conple  due  to  sun  and  moon  much  ^imaller  than  it  would  be  if  the  whole  interior  were  solid, 
and,  on  this  account,  must  tend  to  duiunish  the  amount  of  precession  and  nutation.  But  the  effective 
moment  of  inertia  of  a  thin  solid  shell  containing  fluid  in  its  interior,  would  be  much  less  than  that 
of  the  whole  mass  if  solid  throughout ,  and  the  tendency  wonid  be  to  much  greater  amounts  of  pre- 
cession and  nutation  on  this  account." 

The  co-efGcient  of  precession  of  the  "thin  solid  shell"  would  be  (p.  34)  the  same,  nearly,  as  that  of 
the  spheroid  of  which  the  homogeneous  strata  have  the  same  ellipticity.  Its  precession-resisting 
conple  (48)  due  to  tidal  distortion  would  be  just  what  is  necessary  to  develop  its  proportional  influ- 
ence upon  the  precession  of  thai  ehell,  upon  which  the  fluid  contents  can  exert  influence  only  through 
their  pressure.  This  is  identically  Prof.  Hopkins'  problem.  The  thin  shell  of  popular  geological 
hypothesis  would,  however,  bo  subject  to  tidai  distortions  scarcely  inferior  in  magnitude  to  those  of 
a  wholly  fluid  spheroid ;  by/which,  as  we  have  seen,  the  sun  and  moon's  "  moving-couple"  is  wholly 
neutralized  throughout  the  whole  spheroid. 
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for  the  earth,  may  be  made  evident  from  the  following  considerations:  A  rod  of 
steel  extending  towards  the  sun  from  the  centre  to  the  surface  of  the  earth,  would 
be  elongated  by  the  differential  force  of  the  sun's  attraction  0".975,  or  one  foot, 
riearly.  The  height  of  the  solar  tide  of  a  homogeneous  fluid  spheroid  is  1".356; 
but  the  mutual  attraction  of  the  elevated  particles  produces  C.^QS  of  this,  and  the 
remaining  0".549  is  the  proper  measure  of  the  direct  action  of  the  solar  force.  In 
the  case  of  the  rod  the  elastic  forces  of  the  steel  alone  are  considered;  in  the 
spheroid  gravitation  is  the  sole  binding  force.  The  maximum  extension  of  the 
rod  per  unit  of  length  would  be  expressed  by  the  decimal  ,000000055  coitc- 
sponding  to  a  tensile  force  of  1,87  lbs,  (taking  the  coefficient  of  elasticity  at  34 
millions  lbs,)  per  square  inch.'^'  The  necessity  of  the  extreme  rigidity  demanded 
by  Sir  W,  Thomson  is  recognized  when  it  is  seen  how  excessively  minute  would  be 
the  elastic  forces  developed  in  the  production  of  distortion,  in  a  rigid  earth  spheroid, 
commensurable  with  fluid  tide-waves.^ 

In  a  paper  "On  the  Secular  Cooling  of  the  Earth"  (Trans,  1J.,S.E.,  1862,  and 
Appendix  to  "  Treatise,  &c."),  Sir  W.  Thomson  applies  a  solution  of  Fourier  to 
the  determination  of  the  interior  temperature  and  its  rate  of  increase  downwards, 

"'  See  Additional  Notes,  p,  61, 

'  M.  Delaunay,  Presideat  of  the  French  Academy,  after  quoting  (Comptes  rendus  18fi8)  from  the 
paper  of  Sir  W.  Thomson  to  which  I  have  already  referred,  the  results  of  Hopkins  atid  some  corro- 
borating remarks  iv6m  Sir  W.  Thomson's  paper  {referred  to  aboye),  says :  "  Ainai,  on  le  voit,  I'ob- 
Jection  raise  eii  avant  par  M.  Hopkins,  coatre  les  ideea  gcn6ralemeiit  admises  par  les  goologues  siir 
la  fluidite  interieure  du  glorfe  terrestre,  est  regariiee  par  plusieurs  savants  anglais  comrae  parfaitement 
fondee.  Je  snis  d'lin  avis  diametralement  oppose :  je  crois  qne  1' objection  do  M.  Hopkins  ne  repose 
sur  aucun  fondement  reel,"  M.  Delaunay  then  refers  to  an  experiment  made  under  his  direction  with 
a  glass  vase  0"  24  in  diameter,  as  furnishing  decisive  proof  that  the  "viscosity"  of  a  liquid  as  per-, 
fectly  fluid  as  water  even,  is  sufficient  to  cause  it  to  take  up  the  rotary  motions  of  its  enveloping 
shell,  provided  that  those  motions  are  relatively  slow,  as  are  those  which  constitute  the  precession 
aad  nutation  of  the'  earth;  and  ho  goes  on  to  say:  "Hence  it  does  not  appear  to  me  possible  to 
admit  that  the  effect  of  the  perturbing  forces  to  which  precession  and  nutation  arc  due  extend  only 
to  a  portion  of  the  mass  of  the  terrestrial  globe ;  the  entire  mass  ought  to  be  carried  along  (entraince) 
by  the  perturbing  actions,  wbatever  may  be  the  magnitude  attributed  to  the  interior  fluid  portion, 
and  consequently  the  consideration  of  the  phenomena  of  precession  and  nutation  can  furnish  no  datum 
for  estimating  the  greater  or  less  thickness  of  the  solid  crust  of  the  globe." 

M.  Delaunay  seems  to  he  unaware  that  Sir  ~W.  Thomson  coincides  with  Prof,  Hopkins  only  in 
this  (as  the  sequel  of  the  very  paper  quoted  shows),  that  he  demands  a  great  thickness  of  crust,  and, 
moreover,  that  the  interior,  to  the  depth  of  this  crust,  shall  bo  not  merely  "solid,"  but  possessing  a 
rigidity  "several  times  as  great  as  that  of  iron,"  I  have  endeavored  to  show  that  Sir  W^  Thomson's 
argnment  is  irrefragable;  but,  based  upon  wholly  different  considerations,  it  Is  certain  that  no  degree 
of  "viscosity"  assigned  to  an  internal  liquid  will  refute  it 

I  have  remarked,  at  the  outset  of  this  discussion,  that  Prof  Hopkins'  results  "  have  not  been  gene- 
rally accepted  as  decisive;"  bnt  I  cannot  admit  that,  as  a  test  of  their  tcnability,  the  experiment  of 
M.  Delaunay  possesses  the  crucial  character  which  he  attribatcs  to  it.  Tiscosity,  considered  as  an 
accelerating  force  tending  to  impart  to  a  fluid  the  rotary  motions  of  an  enveloping  shell,  is  directly 
proportional  to  the  surface  of  contact,  and  inversely  to  the  mass  of  contained  liquid  ;  in  other  words, 
it  varies  inversely  as  the  diameter  of  the  enveloping  shell.  The  effect  of  viscosity  of  the  fluid  con- 
tents of  the  earth  compared  to  those  contained  in  a  similar  spherical  envelope  of  only  ten  inches 
diameter,  would  be  expressed  (nearly  enough)  by  the  fraction    -  '  — .. 
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assuming  a  uniform  ■  primitive  melting  temperature  of  7000°  Fall.,  and  a  lapse  of 
100  millions  of  years  since  the  cooling  process  commenced. 

"  The  rate  of  increase  of  temperature  from  the  surface  downwards  would  be  sen- 
sibly 5\  of  a  degree  per  foot  for  the  first  100,000  feet  or  so.  Below  that  depth  the 
rate  of  increase  per  foot  would  begin  to  diminish  sensibly.  At  400,000  feet  it 
would  have  diminished  to  about  ^^^  of  a  degree  per  foot.  At  800,000  feet  it  would 
have  diminished  to  less  than  -^^  of  its  initial  value,  that  is  to  say,  to  less  than  ^J^^ 
of  a  degree  per  foot;  and  so  on,  rapidly  diminishing.  Such  is,  on  the  whole,  the 
most  probable  representation  of  the  earth's  present  temperature,  at  depths  of  from 
100  feet,  where  the  annual  variations  cease  to  be  sensible,  to  100  mOes,  below 
which  the  whole  mass,  or  all  except  a  nucleus  cool  from  the  beginning,  is  (whether 
liquid  or  solid)  probably  at,  or  very  nearly  at,  the  proper  melting  temperature  for 
the  pressure  at  each  depth." 

The  high  rigidity  demanded  is  difficult  to  conceive  of  in  connection  with  a 
temperature  in  the  solidified  mass  "at  or  near"  that  of  melting,  extending  down- 
wards indefinitely  towards  the  centre  of  the  earth.  Hence  Poisson's  reason- 
ing, which  results  in  showing  that  the  earth  to  have  become  thoroughly  cooled  and 
to  have  been  subsequently  reheated,  superficiaUy,  harmonizes  better  with  the 
demand  for  rigidity  than  that  of  Leibnitz,  which  supposes  it  to  be  now  cooling 
from  a  (throughout)  incandescent  liquid  state.  In  the  latter  case  the  law  of  actual 
temperature  as  deduced  from  Fourier's  formulte  (as  expressed  above  by  Sir  W. 
Thomson)  would  extend  to  the  centre;  in  the  former  case  only  to  the  unmelted 
portion  or  to  the  "nucleus  cool  from  the  beginning." 

Referring  to  the  increase  of  temperature,  with  depth  observed  hi  mines,  &c., 
Poisson  remarks:  '\Fourier  ct  ensuite  Laplace  ont  attribue  ce  phenomene  a  la 
chaleur  d'origine  que  la  terrc  conserverait  h.  I'epoque  actuelle  et  qui  croitrait  en 
allant  de  la  surface  au  centre,  de  tel  sort  qu'elle  fut  exccssivement  elevee  vers  lo 
centre  *  *  *  en  vertu  de  cette  chaleur  initiale  la  temperature  scrait  aujourd'hui 
de  plus  de  2000  degres  a  une  distance  de  la  surface  egale  seulement  au  centieme 
du  rayon ;  au  centre  elle  snrpasserait  200,000  degres.  •  *  *  Mais  quoique  cette 
explication  ait  ete  generalement  adoptee,  j'ai  expose,  dans  mon  ouvrage,  les  difficultes 
qu'elle  presente,  et  qui  m'ont  para  la  rendre  inadmissible,  *  *  *  je  crois  avoir 
demontrd  que  la  chaleur  developpee  par  la  soKdification  do  la  terre  a  du  se  dissiper 
pendant  la  duree  de  ce  phenomene,  et  que  c/epifM  loiigtemj^is  il  ri  en  siihsiste  i>lus 
aucune.  trace."     (Theorie  de  la  Chaleur.) 

Poisson,  as  is  well  known,  attributes  the  increase  of  temperature,  with  depth 
observed  in  the  earth's  crust,  to  the  passage,  at  a  remote  period,  of  the  solar  system 
through  hotter  stellar  regions,  the  temperature  of  which,  he  argues,  should  difier 
from  place  to  place.  Even  a  hypothetical  case  of  the  illustrious  author,  conform- 
ing to  his  theory,  of  an  increased  superficial  temperature,  6000  centuries  ago,  of 
200°  C.  diminishing  by  cooling  (by  transition  to  cooler  stellar  regions)  to  5°,  500 
centuries  ago,  and,  subsequently,  to  the  actual  mean  temperature,  would  scarcely 
meet  the  present  demands  for  time,  of  palieontology ;  while  the  determinations  of 
the  conductivity  of  the  earth's  crust  made  near  Edinburgh  show,  according  to  Sir 
W.  Thomson,    a    necessity  for  increments  of  temperature  of  25°,  50°,  and  100° 
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(Fah.),  for  past  periods  of  only  1250,  5000,  and  20,000  years,  and  authorize  him 
to  pronounce  Poisson's  hypothesis  impossible,  without  destruction  of  life,  or  relega- 
tion of  the  date  to  so  remote  an  era  as  to  demand  an  intensely  heated  stellar  region. 

A  reheating  after  solidification  which  should  again  fuse  the  surface  to  great 
depths  would  be,  it  seems  to  me,  as  "  inadmissible"  for  the  origin  of  observed  sub- 
terranean temperatures,  as  the  heat  originally  "  developed  by  the  solidification  of 
the  earth."  Hence,  the  hypothesis  of  a  reheating  to  fusion  of  the  surface  by 
impact  of  meteoric  bodies  would  be  likewise  excluded  by  Poisson's  theory  of  in- 
ternal temperatures. 

In  the  paper  referred  to  (p.  39),  Sir  Wm,  Thomson  discusses  the  probable  circum- 
stances of  solidification  of  the  earth,  assuming  the  known  crust-materials  (granite, 
&c.),  in  a  molten  state,  as  the  constituent,  and  reasons  that  in  consequence  of  the 
great  condensation  of  granite  in  freezing,  solidification  must  commence  at  the  centre, 
and  that  "there  could  be  no  complete  permanent  incrustation  all  round  the  surface 
"  till  the  globe  is  solid,  with,  possibly,  the  exception  of  irregular,  comparatively 
"  small  spaces  of  liquid ;"  such  separation  of  constituents  in  the  process  of  crystal- 
lization taking  place  in  all  liquids  composed  of  heterogeneous  materials,  and,  indeed, 
is  observable  in  the  lava  of  modern  volcanoes.  He  infers  from  the  probable 
phenomena  developed,  into  the  discussion  of  which  ho  goes  at  some  length,  "  re- 
"  suits  sufficiently  great  and  various  to  account  for  aU  that  we  see  at  present,  and 
"all  that  we  learn  from  geological  investigation,  of  earthquakes,  of  upheavals,  and 
"subsidences  of  solid,  and  of  eruptions  of  melted  rock." 

Still  we  would,  if  possible,  find  reason  to  attribute  a  lower  than  "  the  proper 
melting  temperature"  to  the  solidified  interior.  Ice,  indeed,  preserves  its  rigidity 
unimpaired  up  to  the  point  of  fusion,  and  there  may  bo  a  few  other  substances  that 
have  the  like  property;  but  it  seems  to  be  an  exceptional  one.  The  known  constitu- 
ents of  the  earth's  crust  certainly  do  not  possess  it,  at  least  under  ordinary  pressures. 
If,  as  suggested  by  Prof.  Joseph  Le  Conte  (Am.  Journal  of  Science,  Nov.  Dec.  1872), 
the  "  conductivity"  be  increased  by  pressure  and  condensation,  such  diminished 
temperatures  may  obtain. 


JoDUar;,  1872 
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NEW   ADDENDUM.^ 

A  FEW  words  are  in  place  here  concerning  the  results  of  the  late  Prof.  Hop- 
kins' investigation  (against  which  M.  Belaunay's  objections,  (note,  page  38,)  are 
especially  directed),  briefly  stated,  pages  34,  35.  They  are  as  follows:  First  for 
HOMOGENEOUSNESS.  "Supposing  the  earth  to  consist  of  a  homogeneous  spheroidal 
shell  (the  ellipticities  of  the  outer  and  inner  surfaces  being  the  same)  filled  with  a 
fluid  mass  of  the  same  uniform  density  as  the  shell;"  then,  "the  precession  will 
be  the  same,  whatever  be  the  thickness  of  the  shell,  as  if  the  whole  earth  were 
homogeneous  and  solid." 

Second,  for  hetekogeneoosness,  his  result  may  be  thus  expressed : 


■'■■{'-"^rrV:)}. 


(«) 

"  where  P^  denotes  the  precession  of  a  solid  homogeneous  spheroid  of  which  the 
cllipticity  =£^,  that  of  the  earth's  exterior  surface,  and  P'  the  precession  of  the 
earth,  supposing  it  to  consist  of  an  interior  heterogeneous  fluid  contained  in  a 
heterogeneous  spheroidal  shell,  of  which  the  interior  and  exterior  ellipticities  are 
respectively  e  and  e„  the  transition  being  immediate  from  thp  entire  solidity  of  the 
shell  to  the  perfect  fluidity  of  the  interior  mass," 

In  the  multiplier  of  -,  second  member  of  (a),g  is  the  ratio  of  external  to  internal 

polar  radius  of  the  shell;  s  depends  on  the  varying  cllipticity  and  density  of  the 
strata  of  equal  density  of  the  shell ;  h  depends  on  the  density  of  the  fluid  interior. 
For  a  thin  crust  the  coefB,j;ent  in  question  is  unity  nearly;  for  a  thick  one  it  will 
be  somewhat  greater  if  e  be  less  than  e^. 

It  cannot  fail  to  be  observed  that,  under  the  conditions  just  before  expressed  for 
homogeneotisness — i,  e.,  equality  of  external  and  internal  ellipticities — we  get  from 
the  formula  (s  becoming  zero)  tAe  same  result,  i.  e  ,  P'  =:^  P^,  as  for  that  case. 

In  accordance  with  rational  hypothesis  as  to  the  internal  condition  of  the  earth, 
equalities  of  ellipticities  for  the  surfaces  of  a  thin  crust  (and  corresponding  equality 
of  densities),  or  closely  approximate  equalities  would  be  expected.  The  necessity 
for  a  thick  crust  arises,  therefore,  from  the  alleged  discrepancy  between  the  observed 
and  calculated  annual  precessions  (50  seconds  and  57  seconds),  which,  according 
to  Prof.  Hopkins,  makes  — —  —  ^^  ^,  nearly,  assuming  the  moon's  mass  j\,  and 

the  earth's  ellipticity  ^  J^.  (The  real  discrepancy  is  probably  very  much  less.  See 
page  34,  ei  sequentia.) 

'  The  original  AcDENDrM,  hurriedly  written  while  the  work  was  in  the  printer's  hands,  has  been, 
in  what  follows,  somewhat  modified  and  amplified. 
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If,  in  applying  the  expression  (a),  the  symbolic  fraction,  for  a  first  approximation, 
be  omitted,  we  have,  according  to  above  assumption  of  discrepancy,  e  =  |ei.  This 
value  of  e  will  be  in  excess  ;  hence,  the  thickness  of  crust  deduced  from  it  will  err 
the  other  way,  and  a  determination  on  this  basis  will  give  a  thickness  which  must, 
in  fact,  be  exceeded. 

The  limit  of  solidity,  proceeding  inwards,  may  and  probably  does  depend  upon 
both  temperature  and  pressure.  Isothermal  surfaces  Prof.  Hopkins  finds  to  have 
increasing  ellipticities.     Surfaces  of  equal  pressure,  deduced  from  the  hypothetical 

law  of  density,  A  — -i—,  have  diminishing  ellipticities,  and  if  qh^  =  150°  the  above 

law  agrees  sufficiently  well  with  the  actual  ellipticity  and  ratio  of  surface  to  mean 
density  of  the  earth.  This  law  for  e  =  |ei  demands  a  thickness  of  crust  of  J  the 
radius,  or  1000  miles.  This  is  a  minimum,  since  the  actual  surface  of  solidifica- 
tion (lying  between  this  and  the  corresponding  isothermal  surface)  would  have 
greater  (and  hence  too  great)  ellipticity. 

Before  commenting  upon  this  application,  and  upon  the  real  meaning  of  the 
formula,  I  return  to  the  case  of  homogeneousness.  Some  of  the  results  arrived  at 
by  the  analysis  of  Prof.  Hopkins  may  be  illustrated  by  the  following  considera- 
tions: The  fluid  spheroid,  treated  of  p.  36,  is  subjected,  by  the  attraction  of  the 
sun,  to  the  distortion  expressed  by  (47),  This  distortion,  as  shown  by  the  form 
of  the  expression,  is  equivalent  to  an  exceedingly  slight  rotational  displacement^ 
of  figure  about  an  equatorial  axis,  such  as  would  be  caused  by  displacing  through  a 
still  more  minute  angle  the  planes  of  diurnal  rotation.  It  is  one  of  the  beautiful 
results  of  the  analysis  to  show  that  the  change  in  the  direction  of  the  centrifugal  force 
due  to  this  slight  obliquity  of  the  planes  of  rotation  is  equivalent  to  turning  forces  at 
all  points  of  the  fluid  exactly  proportional  to  their  distances  from  the  equatorial  axis. 

Let  now  a  rigid  shell,  exactly  conforming  internally  to  the  external  surface  of 
the  fluid,  be  applied,  and  the  whole  turned  back  until  the  planes  of  rotation  are 
restored  to  perpendicularity  to  their  axis;  the  precessional  effect  of  the  attracting 
body  now  operates  upon  the  whole  mass ;  for  there  are  no  longer  counteracting 
tidal  protuberances.  If  we  take  that  part  of  (47)  which  is  due  to  the  direct  action 
of  the  sun,  viz.,  —  sin  Q  cos  Q  sin  %  cos  ?.  cos  cr  (for,  the  protuberances  being  repressed 

by  the  shell,  the  pressures  on  its  interior  which  replace  them  will  arise  only  from 
the  direct  action),  and  estimate  it  as  a  pressure  and  calculate  the  elementary  couples 
for  an  internal  ellipticity,  e,  we  shall  find  the  integral  couple  (and  this  corresponds 
with  Prof,  Hopkins'  result)  to  be  identical  with  (48)  viz.,  exactly  that  due  to  the 

'  The  required  angle  of  the  displacement  is  the  height  of  the  tidal  wave  (4T),  for  «  =  0,  divided 
by  -5-  for  an  ellipse  of  ellipticity,  e,  (2e  sin  n  cos  7.).  Prof.  Hopkins  shows  that  the  corresponding 
divergence  of  the  planes  from  perpendicularity  develops  a  couple  =  —  nn'e  multiplied  by  the  sine 
of  twice  this  arc  (or  twice  the  arc  itself).  Performing  the  operations  we  get,  —  ne  ~  sin  9  cos  e,  \a 
which  we  have  the  solar  couple  (19)  an(^  (48),  which  causes  tlie  displacement,  since  e  =  }^-{f^—A:) 
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couple  which  the  sun  would  exert  on  the  fluid  mass  considered  as  a  solid.^  It  would 

increase  the  processional  force  of  the  shell  in  the  ratio  — ^-  of  the  analysis.     By 

5^—  1  i  J 

virtue  of  this  pressure  the  fluid  tends  to  transform  its  own  precession  into  an 

augmented  precession  of  the  shell. 

It  requires,  however,  but  an  extremely  minute  angular  separation  of  the  axes  of 
the  shell  and  fluid  to  generate  counter-pressures  equivalent  to  those  which  caused 
the  separation.^  The  divergence  cannot,  therefore,  be  progressive,  but  is  simply  a 
minute  oscillation  of  the  two  axes,  or  a  rotation  around  each  other.  In  the  latter 
form  it  appears  in  the  analysis  which,  otherwise,  gives  to  the  internal  fluid  mass  a 
precession  identical  wilh  that  of  the  enveloping  shell. 

Prof.  Hopkins  confines  his  analysis  for  the  case  of  homogeneousness  to  equal 
ellipticities  for  the  bounding  surfaces  of  the  shell.  Excepting  the  case  of  sphe- 
ricity for  the  inner  surface,  the  result  would  be  the  same — viz.,  an  unchanged  pre- 
cession, however  the  ellipticities  might  differ. 

I  now  return  to  the  formula  (a)  and  remark,  that  it  is  an  inaccurate  expression 
for  a  slight  difference  (Pj — P")  due  to  the  fact  that  the  spheroid  is  heterogeneous — 
that  it  is  «o(  capable  of  being  made  a  test  of  internal  fluidity,  or  a  measure  of  thick- 
ness  of  crust. 

I  have  already  shown  that  for  homogeneousness  the  couple  due  to  pressure  on 
the  inner  surface  of  the  shell  is  identical  with  the  sun-couple  upon  the  fluid  mass 
solidified,  a  result  approximately  true  (as  will  be  shown  hereafter)  if  the  density 
of  the  fluid  strata  vary.  Hence,  if  we  take  the  sum  of  the  sun-couple  exerted  on 
a  shell  of  interior  and  exterior  ellipticities,  e  and  ej,  and  of  the  pressure-couple 
developed  in  the  fluid,^  and  divide  by  the  moment  of  inertia  of  the  entire  mass  and 
by  (J,  we  shall  have  the  rate  of  gyration  of  the  entire  mass  considered  as  a  solid. 

Referring  to  Prof,  Hopkins'  analysis  and  symbolism,  the  quotient  will  be* 

Xa,   ,  d  (a°  s)  J  ,  I   OB     C^t  '  '  T  ' 
'p — ^-    ,  '  da  -\-2a''e  )     pada 
a  ^        da'  '  -^  o  r 

v-/  -^—  sm  aii ■ — ■ — ^ 

a  (a,)  ^^\  ^  o  --  da 
^  '        ^  0  i^   da' 

'  The  lever  arm  is  also  2e  sin  x  cos  %.  Multiply  the  above  by  this  arm,  by  g,  by  the  elementary 
Bnrfaco  d  iid«,  and,  again,  by  eos  o,  and  we  get  the  elementary  component  tending  to  tilt  the  shell. 
The  integral,  with  proper  substitutions,  is  equivalent  again  to  (19)  or  (48). 

'  There  is  another  process  which  may  take  effect  in  neutralizing  internal  pressure.  I  have  remarked 
(last  par.  p.  6),  that,  considered  as  a  perfectly  rigid  body,  the  precessional  motions  of  the  earth 
cannot  be  precisely  those  assumed.  In  fact,  our  imperfect  integrals  of  the  conditional  differential 
equations  present  the  anomaly  of  a  varied  motion  in  which  the  generating  force  does  no  wort ;  no 
yielding  to  the  tilting  couple  having  place.  There  are  necessarily  some,  too  minute  to  he  detected, 
Dfltational  movements.     In  case  the  precessional  force  were  augmented  by  so  large  a  ratio  as  — ^ 

would  be  for  a  Ihin  ^hell,  these  autational  movements  would  surpass  in  magnitude  those  necessary 
to  generate  the  required  counteracting  pressures. 

'  I  use  provisionally  Prof.  Hopkins'  computations  for  this,  involving  /  **  p'a'da';  its  erroneous- 
ness  will  appear  hereafter. 

*  The  symbols  f.,  a,  a,  <^rrespond  to  S,  9,  n,  of  p.  7 ;  p'  is  the  density  of  stratum,  solid  or  fluid, 
for  which  i'  is  the  ellipticity,  and  a'  the  polar  radius ;  a,  is  the  external,  and  o  the  interuff  f,elaf 
radius  of  the  shell. 
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Denote  the  moment  of  inertia  of  tlie  entire  spheroid  by  /^  =; ,— tt  0  (o,) 

"        sliell  "    T  =  A^[„(a,)_o(a)] 

"         "         "         "         "         "       nucleus  "    7"  =  — 7t(i(a) 

Then  d  (a,)  =  ^  (n  ("i)  —  u  (")) 

and  the  above  expression,  reduced  to  precession,  will  become 

<»)  -|(^+'  +  ?---l 

Prof.  Hopkins  gets  for  the  precession  of  the  same  spheroid  considered  as  fluid 
within  the  shell,  (his  symbolic  abbreviations  used  in  both  cases) 

In  this  last  expression  (j'l)  and  (y^)  denote  coefficients  of  gj'ration  which  one 
and  the  same  couple  (i.  e.  the  centrifugal  force,  by  pressure  on  the  shell  and  by 
reaction  on  the  fluid  mass— -i^e  assumption  being  made  that  the  latter,  having  its 
proportionate  force  on  each  particle,  gyrates  as  a  solid)  produce  upon  the  shell  and 
fluid  mass  respectively.  They  should  be  therefore  inversely  proportional  to  the 
respective  moments  of  inertia  of  the  shell  and  nucleus,  rendering  the  expressions  (a;) 
and  (y)  identical. 

But  this  apparent  identity  is  brought  about  by  assuming  that  Prof.  Hopkins' 
expression  for  the  pressure-couple  on  the  shell  arising  from  the  sun's  attraction  on 
the  fluid  to  be  identical  {or  at  least  approximately  so)  with  that  which  would  be 
exerted  on  the  same  heterogeneous  fluid  solidified ;  by  which  assumption  I  introduce 

in  (x), .  (which  is  Prof.  Hopkins'  symbolic  abbreviation  of 

(,  „  fa   ,  , ,  ,  Ca   .da^a'      , 

''or  ^  ^    .     ^"    da 

— -? — \ 7\~)'-  instead  of  — ^^-, — ^ — ttt 

(T(ai)— (T(a)    /  e[a(a^)aia)^ 

which  latter  expression  belongs  to  the  case  just  specified,  of  the  solidified  fluid. 

Now  in  the  case  of  nature — i.  e.  the  earth  with  the  received  hypothetical  laws 
of  density  and  ellipticity,  the  two  expressions  differ  iu  a  ratio  (about  4 :  3)  so 
greatly  exceeding  unity,  as  to  forbid  the  assumption  of  approximate  equality.  The 
error  of  the  first  expression  will  be  better  appreciated  by  referring  to  the  quan- 

'  The  interpretation  of  (x)  and  (y)  is  obvious.  P  is  the  coefficient  of  precession  for  a  homoge- 
neous siiell  of  uniform  ellipticity  i ;  instead  thereof  let  the  shell  be  heterogeneous  with  same  internal 
surface,  but  of  an  external  ellipticity  t,.  P  for  such  a  shell  will  have  a  fractional  increment  denoti'd 
by  the  ratio  s.     By  the  pressure  of  the  internal  flniij  the  precessional  coefficient  of  this  shell  will  be 

still  further  increased  by  a  ratio  denoted  (a  result  of  the  analysis)  by But  the  shell  is  con- 

strained  to  carry  along  and  to  take  up  a  common  precession  with  the  nucleus,  and  the  coefficient  will 
he  thereby  diminished  in  a  ratio  -  of  {k)  or  (according  to  Prof  Hopkins)  the  corresponding  ex- 
pression of  (i/).    Since  P=^P,  -,  expression  (a)  is  readily  deducible  from  (y). 
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tities  (j-,)  and  (y^)  in  {y)-  The  brief  account  given,  p.  43,  will  sliow  bow,  as  re- 
sulting from  the  analysis,  a  rotating  homogeneous  fluid  enveloped  and  confined  by 
a  shell  reacts,  with  a  practical  rigidity  conferred  by  rotation,  against  the  shell, 
(when  the  respective  axes  of  rotation  are  slightly  separated)  and  thereby  receives 
an  angular  motion  "  precisely  as  if  it  were  solid,"  (Phih  Trans.,  1839,  p.  394),  It 
is  clear  that,  through  this  interaction,  the  shell,  likewise,  must  receive  an  angular 
motion,  and  that  these  several  angular  motions  must  be  in  inverse  ratio  to  the 
respective  movements  of  inertia  of  shell  and  nucleus ;  and  so,  for  bomogeneous- 
ness,  the  analysis  makes  them.  When  we  come  to  beterogeneonsuess,  the  same 
modus  operandi  is  (and  rightly)  attributed  to  the  fluid  ;  and  again,  most  clearly, 
the  relative  angular  motions  of  shell  and  fluid  should  be  in  above-mentioned  in- 
verse ratio;  whereas  their  ratio  is  quite  difi'erently  computed  to  be  — - 

9  - 

the  value  has  just  been  given.  The  error  (for  there  is  clearly  one)  is  in  the  com- 
putation of  the  pressure-couple  developed  in  the  fluid  and  exerted  upon  the  shell 
by  centrifugal  force,  when  their  axes  of  rotation  are  slightly  separated. 

The  same  error  of  computation  (exhibiting  itself  by  the  identical  symbol,  -^ -\ 

enters  into  the  expression  for  the  pressure-couple  developed  by  solar  attraction,  and 
introduces  ag^iin  the  above  symbol  as  the  third  term  of  the  second  factor  of  {y). 

Without  going  into  lengthy  discussion,  it  is  sufficient  to  remark  that  both  the 
centrifugal  foice  and  the  foreign  attraction  produce  in  the  strata  of  equal  density 
of  a  heterogeneous  fluid,  special  configurations,  and  expend  themselves  in  so  doing; 
and,  moreover,  that  the  prior  establishment  of  these  forms  of  equilibrium  is 
assumed,  and  necessarily  assumed,  in  the  analysis.  It  is,  therefore,  unwarrantable 
to  integrate  (as  is  done)  through  the  fluid  mass  these  forces,  as  free  forces,  to  get 
its  pressure  upon  the  shell,^ 

I  have  shown,  I  think,  that  in  the  expression  (>/)  the  first  factor  should  be  corrected 

r 

•  ~f  Ca   ,  da^   ,  , 

'  V  J      P  -J-^  "" 

The  correction  consists  in  substituting  for  ^'4-  in  the  first  factor  of  (?/),  —--^^ — — - 
{yd  c{a^)—o(a) 

instead  of for  its  value,  p.  45],     The  same  correction  for  --     ^ -,  introduced 

into  the  second  factor,  would  require  e  j    n'——da'  to  be  substituted  for  the  second 

term  of  numerator  of  («),     But  that  (v)  should  belong  to  entire  solidity  we  require 

Q~.—tda'.     Now  these  quantities  diff^er  inappreciably,  for  taking  the  entire 
'   da' 


I" 


'  It  is  obvious  that  tlie  taking  account  of  the  internal  motions  by  which  the  configurations  pro- 
duced by  foreign  attraction  adapt  themselves  to  the  diurnal  rotation,  does  not  meet  the  point  made. 

■  Although  the  errors  in  the  two  cases  have  the  same  expression,  it  does  not  follow  that  the  cor- 
rections should  be  identical.  The  confignrationa  of  strata  of  like  density  due  to  foreign  attraction 
are  superinduced  on  the  previously  established  configurations  duo  to  the  centrifugal  force,  which 
have  the  varying  ellipticity  /.  The  correction  should  involve  this  ellipticity,  and  it  is  probable  that 
the  above  sjmbol  is,  if  wc  disregard  the  slight  internal  motiovs,  the  true  one.  Indeed,  I  think  I  may 
venture  to  affirm,  that,  given  a  heterogeneous  fluid  wholly  enveloped  by  a  rigid  bounding  surface, 
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integrals  from  zero  to  a^  and  multiplying  by  ~-  n,  the  last  becomes  (Thomson  and 
Tait,  §  825), 

-  Mai  (fi  —  "2  "* )  ^=S  —  2(,  for  the  earth  as  actually  constituted. 

And  the  first  (deduced  from  Hopkins,  Phil  Trans.,  1840,  pp.  203  and  204),  is 
(nearly) 

-  Ma^  ft  =  C —  A,  for  same  spheroid  with  uniform  internal  ellipticities. 
[M^  mass  of  the  earth). 

[The  value  of  the  first,  using  the  constants  of  density  of  Archdeacon  Pratt, 
"  Figure  of  the  Earth,"  4th  ed.,  p.  113,  is  somewhat  less  than  this  last  expression.] 
Now?7i=:^^-^  (ratio  of  centrifugal  force  to  gravity)  and  hence  2  (e^ — |m)  is  very 
little  less  than  ej.     For  a  fiuid  nucleus,  the  inequality  would  be  stiU  less. 

Hence  it  appears  that  both  (x)  and  {y)  (when  corrected)  express  very  nearly 
the  precession  of  the  solidified  earth ;  and,  moreover,  that  the  effect  upon  preces- 
sion due  to  the  variation  of  internal  cUipticity  is  very  small,  the  precession  of  the 
earth  considered  as  rigid  being,  essentially,  that  corresponding  to  uniform  eUipticity; 
or  what  is  the  same  thing,  that  of  a  homogeneous  epJwroid  of  Us  external  form. 

fj ^ 

This  also  appears  in  the  comparison  of  the  value  of  — -  — ,  as  established  from 

observation,  and  the  resulting  calculated  ellipticity.  The  first  is  .00327  and  the 
second  ^^j  (Thomson  and  Tait,-  §  828).     Now  a  homogeneous  spheroid  of  the 

latter  ellipticity  would  have  for  -^ —  a  value  (e  —  ie^)  of  .00332;  a  difference 

of  about  gV-  Variations  in  the  constants  which  enter  into  the  expressions  for 
internal  density  give  rise  to  variations  in  the  calculated  ellipticity — and,  of  course, 
in  the  resulting  precession;  but  if  the  external  ellipticity  is  defined  by  a  rigid  shell, 
the  cfi'ect  of  internal  variation  is,  in  the  case  in  hand,  almost  nil.  Hence,  had 
the  hypothetical  consoUdation  of  the  earth,  of  p.  43,  been  carried  to  the  very 
centre,  no  material  approximation  to  the  desired  correction  of  ^  in  the  calculated 
precession  would  have  been  found.^     In  fact,  the  problem  for  heterogeneousness 

subjected  to  a  foreign  attraction,  and  a  condition  of  static  equilibrium  assumed,  the  pressure-couple 
exerted  by  tlie  fluid  on  the  shell  cannot  differ  from  that  which  the  attraction  would  exert  on  the 
solidified  fluid. 

In  the  case  of  horaogencousness,  I  have  arrived  (p.  43:  the  results,  though  based  on  an  ellipticity 
corresponding  to  fluid  equilibrium,  hold  good  for  any  small  ellipticity)  at  the  exact  expression  for  the 
pressure-couple,  from  the  function  expressing  the  tidal  protuberance  due  to  the  foreign  attraction. 
The  tidal  conQguration  of  the  beterogeneons  earth,  wholly  liquefied,  would  result  from  the  transcen- 
dental analysis  of  Hopkins,  pp.  203,  204,  or  of  Thomson  and  Tait,  §  822-824,  and  the  maximum 
height  would  be  one  foot,  very  nearly ;  but  the  pressure  function  cannot  be  readily  deduced.  It 
would  depend  on  gravity  and  [§  "825]  "the  value  of  G — A  may  be  determined  solely  from  a 
knowledge  of  surface  or  external  gravity,  or  from  the  figure  of  the  sea  level  without  any  data  regard- 
ing the  internal  distribution  of  density." 

'  It  is  curious,  to  say  the  least,  that  there  should  be  ground  for  the  remark  that  the  expressions  (a) 

'  -V-ii-.  may  be  writen  ■<     "t~  h     \  P<  g've. 


Hosted  by 


Google 


48  NEW   ADDENDUM. 

was  practically  solved  under  Prof.  Hopkins'  treatment  of  it  when  it  was  shown 
that,  for  homogeneousncss,  the  precession  for  internal  fluidity  was  the  same  as  for 
solidity,  and  when  it  appeared  that  the  analysis  applied  would  exhibit  the  action 
of  the  heterogeneous  fluid  as  if  disposed  in  strata  of  like  ellipticity  with  that  of  the 
inner  shell  surface.  The  erroneous  computation  of  pressures  has  merely  the  effect 
of  exaggerating  in  a  like  ratio  the  densities  of  all  the  fluid  strata.  Hence,  and 
hence  only,  a  resulting  precession  differing  materially  from  that  which  would  result 
from  solidity. 

In  conclusion,  I  remark,  1st.  The  analysis  of  Prof.  Hopkins,  in  its  application 
to  a  homogeneous  fluid  and  shell,  seems  to  establish  (and  the  result  is  confirmed 
by  its  harmony  with  tidal  phenomena  as  developed  in  p.  43)  that  the  rotation  im- 
parts to  the  fluid  a  practical  rigidity^  by  which  it  reacts  upon  the  shell  as  if  it  were 

with  decreasing  interna!  elliptidties,  for  lluidity  of  nucleus  less  precession  than  would  belong  to  soli- 
dity.   This  ia  obvious  since  his is  greater  than  the  ratio  — ^  (nearly)  whicli  should  take  its  place 

on  the  latter  hypothesis.  ^ 

'  I  do  not  concur  with  Sir  William  Tboipson  in  the  opinions  quoteiJ  in  note,  p.  38,  from  Thomson 
and  Tait,  and  expressed  in  his  letter  to  Mr.  G.  Ponlctt  Scrope  ("Nature,"  February  1st,  18T2),  so 
far  as  regards  fluidity,  or  imperfect  rigidity,  within  an  infinitely  rigid  envelope.  I  do  not  think  the 
rate  of  precession  would  be  affected. 

That  no  increa'^e  arises  from  fluidity  I  hate  endeavored  to  show;  and  it  is  unquestionably  a 
corollary  (f  Prof  Hfpkina  investigations  As  regards  imperfect  rigidity,  Sir  William  Thomson 
bases  his  argument  upon  the  assumption  that  the  whole  would  not  rotate  as  a  rigid  body  round 
one  'instantaneous  axis  at  each  instant  but  the  rotation  would  take  place  internally,  round  axes 
deviating  from  the  axes  of  external  figure  by  angles  to  be  measured  in  the  plane  through  it  and  the 
line  perpendicular  to  the  ecliptic  in  the  diieetion  towards  the  latter  line.  These  angular  deviations 
would  be  greater  and  greater  the  more  near  we  come  to  the  earth's  centre.  *****  Hence  the 
moment  of  momentum  round  the  soLticial  line  would  be  sensibly  less  than  if  the  whole  mass  rotated 
round  tht  a\i3  of  Secure 

If  1  do  not  misunderstand  his  Hnguage  =!ir  William  Thomson  assumes  that  the  same  bending 
distortion  which  would  ensue  from  the  application  of  a  couple  to  the  external  portions  of  a  non- 
rotating  spheroid  would  equally  and  ii/tniita??^,  take  place  in  a  rotating  one:  thus  causing  the 
angle  made  by  the  planes  of  the  external  rings  of  matter  and  the  solsticial  line  to  be  increased ; 
with  a  corresponding  diminution  of  the  component  of  Cn  about  this  line. 

In  the  case  specified  by  him  (^n  extreme  one)  wliile  sensible  and  important  nutational  moveraentB 
would  ensue  the  mean  pjecetsioji  would  be  insensibly  affected ;  but  I  do  not  think  precisely  s«cA 
elastic  yielding  would  tike  place 

As  an  extreme  ease  of  an  infinitely  rigid  and  infinitely  thin  shell  containing  matter  completely 
destitute  of  rigidit)  take  the  fluid  spheroid  of  p  36,  and  conceive  it  enveloped  by  such  a  shell.  It 
is  sHll,  as  shown  p  43  susceptible  (and  susceptible  only)  of  the  extremely  minute  deflections  of 
its  planes  of  rotation  by  which  precession  is  completely  annihilated.  Confer  now  upon  the  con- 
tents of  the  shell  rigidity,  uniform,  or  varying  from  surface  to  centre,  continuously  or  discontinu- 
ously,  in  any  arbitrary  manner,  and  you  have  every  possible  case  of  imperfectly  rigid  matter  con- 
tained within  a,  perfectly  rigid  crust.  I  can  attribute  no  other  effect  to  the  conferred  rigidity  than 
a  restoration  of  the  lost  precession— in  whole  or  in  part ;  nor  can  I  suppose  the  shell  enveloping 
imperfectly  rigid  matter  to  change  its  obliquity  more  than  that  which  contains  the  fluid  ;  regard 
being  had  to  conditions  of  equilibrium  without  reference  to  living  forces  generated. 

I  must  remark  that  this  hypothetical  case,  though  as  admissible  for  argnment  as  any  other  form 
of  "  preternaturally  rigid"  crust,  is  exceptional.  With  a  shell  of  finite  moment  of  inertia,  having 
eomo  comparable  relation  to  that  of  the  fluid  contents,  the  precession,  instead  of  being  annihilated, 
would  be  that  due  to  the  entire  mass 
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a  solid  mass,  while  its  pressure  imparts  to  the  shell  the  requisite  couple  to  preserve 
the  precession  unchanged. 

2d.  The  same  practical  rigidity  is,  with  entire  reason,  attributed  to  the  heteroge- 
neous fluid  by  which  (leaving  out  of  ■view  minute  relative  oscillations  which  do  not 
affect  the  mean  resultant  in  other  natural  phenomena  and  should  not  in  this)  the 
shell  and  fluid  take  a  common  precession. 

3d.  The  two  masses  retaining  their  configurations,  mutual  relations,  and  rotary 
velocities,  essentially  unaltered  by  the  hypothesis  of  internal  fluidity,  it  would  be 
a  violation  of  fundamental  mechanical  principles  were  the  resulting  precession  not 
identical  with  that  due  to  the  entire  mass  considered  as  solid. 

4th.  The  common  and  identical  precession  of  fluid  and  shell  resulting  from  the 
analysis,  is  indispensable  to  any  conception  of  precession  for  the  earth  as  composed 
of  thin  shell  and  fluid ;  for  otherwise  internal  equilibrium  would  be  destroyed  and 
the  "flgure  of  the  earth"  cease  to  have  any  assignable  expression.  The  entire 
mass,  fluid  and  solid  must  (without  invoking  the  aid  of  "viscosity"),  be  "carried 
along  in  the  precessional  motion  of  the  earth."  The  analysis  I  have  examined  de- 
monstrates the  possibility  and  exhibits  the  ralionale  of  such  a  community  of  pre- 
cession, but  fails  in  the  attempt  to  exhibit  a  test  of  the  existence  or  absence  of 
internal  fluidity. 

5th.  The  powerful  pressures  that  would  be  exerted  upon  a  iUn  and  rigid  shell 
would  probably  produce  in  it  noticeable  nutational  movements;^  while  if  the  shell 
he  not  of  a  rigidity  far  surpassing  that  of  the  constituents  of  the  cognizable  crust, 
the  "  precessional  motion  of  the  earth"  would,  owing  to  the  neutralizing  effect  of 
tidal  protuberances,  scarcely  be  observable. 

'  Vide  p.  44,  and  note  2 :  without  reference  to  conventional  "  Nutation"  which  is  but  a  form  of 
precession.  In  connection  with  these  relative  motions  of  shell  and  fluid,  it  is  in  place  to  allude  to 
the  "  Vindication  of  Mr.  Hopkins'  method  against  the  strictures  of  M.  Delaunaj,"  by  the  late 
Archdeacon  Pratt  ("  Figure  of  the  Earth,"  4th  ed.,  p.  132).  He  reasons,  that,  if  at  any  moment, 
th  t      1  fluid  be  arranged  as  to  density,  "  exactly  as  if  they  had  been  hitherto  one  solid  mass 

dim     ng  alike,  this  state  cannot  possibly  continue."    For  the  shell  will  be  acted  upon  not 

ly  by  th  foreign  attraction  but  by  the  fluid  pressure,  and  will  "begin  to  move  qnicker,"  with  a 
1  due  to  both  the  thence  arising  couples.     That  this  should  not  occur  requires,  he  esti- 

n  t  th  ounteracting  centrifugal  force  of  a  tidal  protuberance,  in  a  crust  supposed  100  miles 
th   k     f       enty-f our  feet. 

Tl  w  t  r  does  not  seem  to  be  aware  that  the  author  whom  he  vindicates  finds  no  such  relative 
I  rat  of  the  shell  {vide  p.  44,  §  2,  of  this  Addendum)  as  resulting  from  the  pressure;  and, 
t  a  g  ly  f  r  an  authority  on  the  "  Figure  of  the  Earth,"  fails  to  recognize  that  "  an  elevation  of 
til        t  face  of  the  crust" — that  is  a  tidal  distortion — of  a  single  fool,  would  relieve  the  shell 

f  II  p      sure.     This  is,  perhaps,  a  natural  result  of  the  use  of  an  expression  (Prof.  Hopkins') 

for  the  pre„iiare  which  disregards  the  influence  of  "Figure." 
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ADDENDUM  TO  NOTE  1,  Page  38. 

The  apparent  antagonism  between  the  theorem  of  the  test  and  that  of  Laplace  suggests  a  few 
additional  words.  The  theorem  of  Laplace  is  that  "  in  whatever  manner  the  waters  of  the  ocean 
act  upon  the  earth,  either  by  their  attraction,  their  pressure,  their  friction,  or  by  the  various  resist- 
ances which  they  snffer,  they  communicate  to  the  axis  of  the  earth  a  motion  which  is  very  nearly 
■equal  to  that  it  would  acquire  from  the  action  of  the  sun  and  moon  upon  the  sea,  if  it  form  a  solid 
mass  with  the  earth."  (M^c.  Cel.,  Bowditch  [3345].) 

The  theorem  is  demonstrated  in  two  distinct,  quite  differeot,  manners.  The  last  demonstration  is 
founded  upon  the  principle  of  the  "  conservation  of  areas;"  and  as  the  result  of  this  demonstration 
the  proposition  is  stated  in  the  above  quoted  words. 

The  first  demonstration  is  purely  analytical,  and,  after  stating  that  "  this  fluid"  (i.  e.  of  the  ocean) 
"acts  upon  the  terrestrial  spheroid  by  its  pressure  and  by  its  attraction,"  Laplace  proceeds  to  find 
the  analytical  expressions  for  the  precession  and  nntation-producing  couples  due  to  this  pressure  and 
to  this  attraction  as  they  are  modified  by  the  attractioa  of  the  sun  and  moon  upon  the  fluid.  lie 
then  proceeds  to  calculate  these  couples  for  the  material  substance  of  the  ocean,  considered  as  rigidly 
connected  (or  forming  a  solid  mass)  with  the  earth.  He  finds  the  couples,  so  calculated,  respectively, 
identical  in  the  two  cases,  and  epitomizes  the  result  as  follows :  "  the  phenomena  of  the  precession 
of  the  equinoxes  and  the  nutation  of  the  earth's  axis  are  exactly  the  same  as  if  the  sea  form  a  solid 
mass  with  the  spheroid  which  it  covers."  [328T.] 

But  this  demonstration  is  limited  by  the  assumption  that  "  the  sea  wholly  covers  the  terrestrial 
spheroid  or  nucleus,  that  is  of  a  regular  depth,  and  suffers  no  resistance  from  the  nucleus;"  and  both 
demonstrations  imply  an  ocean  of  (relative!}')  sraali  depth. 

Under  the  last  menliotied  treatment  of  the  snbject  the  proposition  of  Laplace  and  that  which  I 
demonstrate  are  but  the  extreme  phases  exhibited  by  the  solution  of  a  problem,  according  as  the 
datum  be  that  tie  depth  of  the  sea  is  minute  (in  which  case  its  entire  precession-producing  couple, 
not  effectively  exerted  upon  its  own  mass,  is  almost  wholly  transferred  to  the  sohd  nucleus) ;  or 
that  the  nucleus  is  very  small,  in  which  ease  the  lost  precession -producing  couple  of  the  fluid  is  but 
in  small  part  transforred  to  the  nucleas — or  wholly  disappears  with  the  vanishing  of  the  latter. 

I  thmk,  however,  that  the  iastrmentioned  (first  in  point  of  order)  demonstration  of  Laplace  is  not 
as  general  as  the  language  quoted  [3287]  would  indicate.  The  omission  of  variations  of  the  radius- 
vector,  S,  in  all  the  integrations  gives  rise  to  errors  which  do  not  seem  to  me  to  be  identical  in  the 
two  processes  by  which  the  couples  are  calculated,  when  the  variation  of  depth  is  very  small. 

An  apt  illustration  of  the  above  remarks  is  derived  from  the  supposition — as  admissible  as  any 
other — that,  the  depth,  y,  is  constant.  In  this  case,  whatever  be  the  ellipticily  of  the  solid  nucleus, 
the  value  of  3/  (the  heigiit  of  the  diurnal  or  precession-affecting  tide,  see  [2253]  [3333]  and  also  p.  36) 
is  zero,  and,  of  course,  the  couples  [3272]  and  [3273]  become  zero — as  wlU  be  found  by  performing 
the  integrations  in  those  equations.  So,  of  course,  do  expressions  [3284]  and  [3285]  become  zero, 
with  y  made  constant.  But  these  last  should  not  be  zero  except  for  the  case  of  sphericity  of  the 
nucleus.'  The  expressions  do  not  seem  to  me  capable  of  sustaining  the  inference  which  I  have 
quoted  [3287],  when  the  depth  of  the  sea  is  aniform;  a  case  which  most  naturally  presents  itself  to 
the  mind. 

'  A  shell  of  glight  internal  elliptidty  and  BOiall  uniform  lliioknfiss  has  a  prcceaaional  cnefficient  of  four-fifths  tliB 
VBlufi  of  that  of  a  siiell  boun^il  by  surfatps  of  equal  ellipticity.  HenoB  in  general  the  varUttonj  of  R  (or  the 
ellipticily)  piodaoe  effects  insensible  cempared  to  those  of  the  depth. 
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Mr.  Airj  (Tides  and  Waves,  Art.  12T)  bases  his  demonstration  of  the  theorem  exclusively  upon 
the  principle  of  the  conservation  of  areas,  remarking  at  the  outset,  "  if  the  earth  and  sea  were  so 
entirely  disconnected  that  one  of  them  could  revolve  for  any  length  of  time  with  any  velocity,  in- 
creaeiug  or  diminishiug  in  any  manner,  while  the  other  could  revolve  with  any  other  velocity  changing 
in  any  other  manner,  we  could  pronouace  nothing  as  to  the  effect  of  the  fluctuation"  (tidal)  "upon 
precession." 

A  spheroidal  nuclens  wholly  covered  by  an  ocean  of  uniform  deptb,  suffering  no  resistance,  does 
not  seem  to  me  to  lack  much  for  fulfilling  the  above  conditions. 

If  velocities  are  generated  in  the  waters  of  the  ocean  by  solar  {or  lunar)  attraction,  the  centrifuEal 
forces  due  to  them  might  be  looked  to  (though  not  alluded  to  by  LaplaceJ  as  agents  for  transferring, 
from  the  fluid  to  the  nucleus,  the  precession-producing  couples  due  to  the  fluid  mass,  especially  in 
the  above  hypothetical  case.  It  will  be  found,  however,  by  reference  to  the  expressions  [22(>0], 
that  they  give  rise  to  no  couple,  and  are,  moreover,  very  minute. 

The  motion  which  the  displacements  [2260]  [2261]  indicate  is  a  slight  oscillation  of  the  axis  of 
the  fluid  envelope,  moving  as  a  solid,  about  tho  axis  of  the  nucleus,  the  angular  distance  between 
these  axes  being  slightly  less  than  2  seconds :  it  is,  I  presume,  that  which  a  non-rotating  shell  would 
have  were  the  attracting  body,  with  constant  distance  and  declination,  to  move,  with  angular  velocity 
n,  in  right  ascension.  In  the  case  in  hand  it  is  the  fluid  shell  which  revolves  and,  suffering  no 
change  of  form,  would  he  itself  affected  by  its  proper  precessional  couple  to  the  exclusion  of  the 
oscillation  above  described. 


ADDITIONAL    NOTES. 


Note  to  paob  1 1. 
"'  The  process  indicated  is  a  more  legitimate  carrying  out  of  the  methods  peculiar  to  this  paper 
than  what  follows  in  the  test.    The  tangent  of  MM'  (35)  may  be  (appro's-)  taken  for  the  sine,  and  the 
cosine  taken  constant  at  unity,  as  may  also  be  the  cos  /'. 

From  (32)  we  may  calculate  by  developing  and  neglecting  terms  in  which  sin'  J'  enters 
sin  i=  (1  —  cos'  i)t  =sin  I — sin  /'  cos  7  cos  n/ 
sin  i  cos  t  =  sin  J  cos  / — sin  T  cos27cos  n^t  —  ^  sin"/'  8in27cos'nj( 
Introducing  these  values  in  (38)  and  (39),  and  integrating  we  get  expressions  identical  with  44 
and  45,  except  a  (practically)  immaterial  differeoce  in  the  coefficient  of  t  in  the  first  which  becomes 
1  —  ^  siu'7'  instead  of  1  —  3  sin'7'. 

Note  to  page  24. 
'"  The  foregoing  interpretation  of  the  symbolic  integral  in  (7),  adopted  with  hesitation  from 
authors  cited,  is  based  on  assumed  constancy  of  the  angle  ^;  but  this  angle  necessarily  varies, 
slowly  indeed,  bnt  progressively,  by  the  aaimuthal  motion  measured  by  n  sin  j,.  The  conditions  for 
the  formation  of  a  leminiseate  are  not,  therefore,  rigidly  fulfilled.  It  will  be  found,  however,  taking 
into  account  a  complete  excursion,  that  the  slight  increment  which  will  enure  to  the  moment  of  the 
quantity   of  motion,  sin'e--^,  from  this  cause  on  one  side  of  the  vertical,  will  be  neutralized  on  the 

other,  in  consequence  of  the  opposing  signs  of  cos*,  in  opposite  azimuths;  or,  at  least,  the  resultant 
increment  or  decrement  will  ba  a  quantity  of  the  second  order  in  minuteness,  and  hence,  affecting 

only  in  the  same  degree  the  azirouthal  motion  ^. 
dt 

Note  to  page  39, 
'"  The  differential  attraction  of  the  sun  on  any  length  d%  of  the  rod,  at  distance  x  from  the  earth's 

centre  is  (- — —       1  dx,  r  being  sun's  distance.     Integrate  from  x^x  to  x^Ji  'the  earth's 

radius). 
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«  «(^.-^-^,+f) 


The  above  divided  by  the  coefficient  of  elasticity  E  will  give  the  elongation  per  unit  of  length  at 
any  point.    Multiply  by  dx  and  integrate  from  j;  :=  0  to  x=^i  ^"d  the  total  elongation  is 

E  Ir  —  M         2j^    ^     ^  \  rJi 

Since  logjl  —  — j= ■ —    —^ —  &c.,  the  foregoing  will  reduce,  approximately  to 

2  S'ff 

3  £>"■ 

If  J/=earth's  mass,  j?  — gravity  at  its  surface,  and  -  the  ratio  of  Jf  to  S,  antl  m  the  ratio  of 

length  of  rod  of  weight  U  (per  square  inch  section)  to  M,  wo  shall  have  ;  S  =  nglP,  E=^mgR,  and 
the  above  expression  for  total  elongation  becomes: 

(2)  ^Ir^ 

Take^  =  — ~''°''— =  — *— ;  ^  =  4000x5280  feet;  ji  =  3l600fl :  m  =  .472  (the  latter  value 
r         92000000       23000 
based  on  E=:%^  mill'ns  lbs.  per  square  inch,  and  a  steel  rod  of  that  section  to  weigh  3.4  lbs.  per  foot 
length)  and  the  total  elongation  (2)  becomes  0^975.     The  maximum  extension  per  unitof  length  is 

at  the  centre,  and  is  found  by  putting  ai  :^  0  in  (1)  and  dividing  by  E.     It  is  -  -—  =  ~ —  = 

.000000055,  indicating  a  strain  of  I'^ST  per  square  inch.  The  ratio  of  the  total  elongation  (2)  to 
the  total  length  of  the  rod  E  is  two-thirds  of  the  above,  indicating  about  that  ratio  for  the  ellipticities 
of  superficial  and  central  strata  of  a  steel  globe  distorted  by  the  sun's  attraction  ;  a  result  thus  rudely 
calculated  which  differs  little  from  that  given  in  Thomson  and  Tait,  §  837. 


Hosted  by 


Google 


SMITHSONIAN  CONTRIBUTIONS  TO  KNOWLEDGE. 

241     


A  CONTRIBUTION 


HISTORY  OF  THE  FRESH-WATER  AIGM 


NORTH    AMERICA. 


HORATIO  C.  WOOD,  Jr.,  M.D, 


BECART,    1672.] 


Hosted  by 


Google 


Hosted  by 


Google 


ADVERTISEMENT. 


The  following  memoir  was  referred  for  examination  to  Dr.  John  Torrcy  and  Dr. 
r.  A.  P.  Barnard,  of  Columbia  College,  New  York.  They  recommended  its  pub- 
lication provided  certain  changes  were  made  in  the  manuscript.  These  having 
been  made  by  the  author,  the  work  is  published  as  a  part  of  the  scries  of  "  Smith- 
sonian Contributions  to  Knowledge." 

JOSEPH  HENRY, 

Secretary,  S.  I. 
Washington,  October,  1872. 
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PREFACE. 


Of  all  the  various  branches  of  Natural  History,  none  has  been  more  enthusias- 
tically and  more  successfully  prosecuted  in  the  United  States  than  Botany.  The 
whole  field  has  been  most  thoroughly  occupied,  save  only  as  regards  certain  of  the 
lower  cryptogams,  and  amongst  the  latter,  it  is  the  fresh-^ater  Algw  which  alone 
can  be  said  to  have  been  almost  totally  neglected.  In  this  fact  lies  my  apology  for 
offering  to  the  scientific  public  the  following  memoir. 

In  doing  this,  so  far  from  thinking  that  the  work  contains  no  error,  I  hasten  to 
disarm  criticism,  and  to  ask  with  solicitude  for  a  favorable  reception,  in  view 
of  the  difficulties  of  the  investigation,  which  I  have  conducted  alone,  and  almost 
unaided. 

The  investigation  was  first  undertaken  in  connection  with  my  elementary  studies 
of  Materia  Medica  and  Therapeutics,  and  has  since  been  prosecuted  at  intervals 
amidst  the  distractions  of  medical  teachings  and  practice,  and  in  some  cases  with- 
out immediate  access  to  authorities.  The  field  covered  is  so  wide  that  it  is  almost 
impossible  to  exhaust  it,  and,  if  it  were  not  for  rapidly  increasing  professional 
engagements,  I  would  gladly  devote  more  time  to  the  subject ;  but,  as  it  is,  I  must 
leave  to  others  to  carry  on  the  work  thus  begun. 

While  saying  this,  it  is  but  just  to  state  that  nothing  here  published  has  been 
done  hastily,  but  that  all  is  the  result  of  arduous  and  conscientious  investigation. 

A  very  large  part  of  my  material  has  been  of  my  own  gathering,  and  was 
studied  whilst  fresh;  but  I  am  indebted  to  several  persons  fcft  aid  by  collections. 

First  of  all,  I  desire  to  offer  my  thanks  to  Dr.  J.  S.  Billings,  U.  S.  A.,  and  to 
Professor  Ravenel,  of  South  Carolina;  to  the  former  for  assistance  in  various 
■  ways,  and  for  collections  made  npar  Washington  City ;  to  the  latter  for  very  large 
collections  made  in  Texas,  South  Carolina,  and  Georgia.  I  am  also  indebted  to 
Mr.  C.  F.  Austin  for  a  large  collection  gathered  in  Northern  New  Jersey,  to  Mr. 
William  Canby  for  some  beautiful  specimens  obtained  in  Florida,  to  Professor 
Sereno  Watson  for  Eocky  Mountain  plants,  and  to  Dr.  Frank  Lewis  for  a  number 
of  White  Mountain  desmids. 

These  various  collections  were  partly  dried  and  partly  preserved  in  a  watery 
solution  of  carbolic  acid  or  of  acetate  of  alumina,  both  of  which  I  have  found  more 
or  less  satisfactory  preservatives. 

The  present  investigations  emjbrace  all  families  of  the  fresh-water  alg^  except 
the  Diatomace<e,  which,  as  every  one  knows,  are  so  numerous  as  to  constitute  in 

(V) 
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themselves  a  special  study.     As  I  have  paid  no  attention  to  these  plants,  they  are 
of  course  not  included  in  this  memoir. 

In  the  synonymy  I  have  generally  followed  Prof.  Uabeuhorst.  The  original  de- 
scriptions of  the  forms,  especially  those  of  the  older  authorities,  are  very  frequently 
so  meagre  and  obscure,  that  the  species  cannot  be  recognized  by  them  vcith  any  cer- 
tainty. Prof.  Uabenhorst  has  gone  over  the  ground  most  carefully,  with  access  to 
the  whole  literature  of  the  subject  and  probably  to  all  extant  type  specimens,  and  his 
decisions  are,  no  doubt,  as  accurate  as  the  circumstances  will  allow.  To  attempt  to 
differ  from  them,  to  go  behind  his  work  to  the  original  sources  and  make  fresh 
interpretations,  would  cause  endless  confusion.  I  have,  therefore,  nearly  always 
contented  myself  with  his  dictum,  and  have  referred  to  him  as  the  authority  for  the 
names  used. 

The  following  references  were  omitted  through  a  misunderstanding  from  the  first 
portion  of  the  text. 
Piige  14.    Gidospheerium  duhium,  Grunnow.     Eabenhorbt,  Flora  Europ.  Algarum,  Sect.  I.  p.  55. 

"     15.  Merismopedia  convoluta,  Br£bisson.     Babenhorst,  Flora  Europ.  Algarum,  Sect.  I.  p.  58. 

"     18.  Oscillaria  chlorina,  KiJTZiNe.     llABENnoaeT,  Flora  Europ.  Algarnm,  Sect.  I.  p.  97. 

"     18.  0.  Frohlwhii,  Kutzinq.     Rabeniiorst,  Flora  Europ.  Algarum,  Sect.  I.  p.  109. 

"     19.    0.  nigra,  Taucher.     Rabenhorst,  Flora  Europ.  Algarum,  Sect.  I.  p.  107. 

"     19.    0.  limosa,  Aoakuh.     Rabenuorst,  Flora  Europ.  Algarum,  Sect.  I.  p.  104. 

"     21.    ChthonobUstus  repens,  Kutzikg.     IIabenuorst,  Flora  Europ.  Algarum,  Sect.  I,  p.  132. 

"     22.  Lyngbya  muralis,  Aqardu.     Harvby,  Nereis  Bore ali- Americana,  pt.  III.  p.  lOi. 

In  the  text  after  the  "  Habitai,"  a  name  is  quoted  as  the  authority  therefor ;  if 
such  a  name  be  in  brackets,  it  signifies  that  the  specimens  were  simply  collected  by 
such  individual,  hut  that  the  identification  was  made  by  some  one  else ;  when  there 
is  not  a  name  unindosed  in  brackets,  it  is  meant  that  the  identification  was  made  by 
the  author  of  this  memoir. 


Since  the  present  memoir  has  gone  to  press,  I  have  received  from  the  author  a 
copy  of  "  Alga:  Rhodiace^.  A  list  of  Rhode  Island  Alga;,  collected  and  prepared 
by  Stephen  T.  Obey,  in  the  years  1846-1848,  now  distributed  from  his  own  her- 
barium." 

In  the  introduction  to  this  list,  Mr.  Olney  says:  "Of  the  fresh-water  species,  I 
have  few  for  distribution.  These  were  obtained  mainly  in  the  environs  of  this 
city,  and  were  placed  in  twenty-seven  small  vials  in  Goadsby's  solution,  and  sent 
to  Prof.  Harvey,  who  submitted  them  to  the  judgment  of  the  most  learned  Eng- 
lish botanist  in  this  particular  department,  G.  H.  K.  Thwaites,  Esq.,  then  of  Bris- 
tol, England.  The  large  number  of  species  found  in  this  collection,  in  so  limited 
a  range,  and  collected  within  a  very  short  period,  is  surprising,  and  shows  what 
more  persistent  collections  will  develop.  I  have  not  time  to  collate  the  numerous 
publications  of  the  lamented  Prof.  Bailey,  or  I  might  have  made  the  list  of  this 
portion  of  Rhode  Island  plants  more  complete." 

The  chlorosperms  of  this  list  are  as  follows  :  — 
Porphyra  vulgaris,  Ao.-H'arv.     Ner  Bor.  Am,  3.  53.     Newport. 
Bangia  fusoojmrpurea,  Ltnob.-Harv.     Ner.  Bor.  Am.  3.  54.     Soutlicrn  Bbode  Island. 
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Enteromorpha  inlestinalis,  Ltngb.-Haev.     Ner.  Bore  Am.  3.  5l).     Providence  to  Newport. 

Enleromorpha  compresaa,  GaEV.-IlARV.     Kcr,  Bor.  Am.  3.  56.     Soulhom  Rliode  Island. 

Enleronwrplia  olathrala,  Grev.-IIarv.     Ner.  Bor.  Am.  3.  50.     Newport. 

Ulva  lalissima,  L.-Harv.     Ner.  Bor.  Am.  3.  59.     Providence. 

Ulva  lactuca,  L.-Harv.     Ner.  Bor.  Am.  3.  60.     Providence. 

Tetraspora  lacunosa,  Chauv.-IIabv.     Ner.  Bor.  Am.  3.  61.    T.  jterforaia,  Bailey  Mss.     Providence. 

Telraspora  lubrica,  AG.     Provideuee. 

Balrachospermum  pulcherrimum,  Hass.     Providence. 

Boirachospermum  Tnoniliforme,  Rotu.-Habv.     Ner.  Bor.  Am.  3.  63.     Providence. 

Cksetophora  endiveefolia,  Ao.-Harv.     Ner.  Bor.  Am.  3.  69.     Providence. 

Drapamldia  glomerala,  Ao.-Harv.     Ner.  Bor.  Am.  3.  12.     Providence. 

Stigeoclonium  minntum,  Kutz.     Providence. 

Gladophora  rupestris,  L.-Harv,     Ner.  Bor.  Am.  3.  74,     Newport. 

Cladophora  glauceacens,  Griff.-Harv.     Ner.  Bor.  Am.  3.  77.     Rliode  Island. 

Gladophora  refracta,  Eoth.-Harv.     Ner.  Bor.  Am.  3.  79-     Soulbern  Rhode  Island. 

Cladophora  Rudolphiana,  Ag,-Harv.     Ner.  Bor.  Am.  8.  80.     Provideoce. 

Cladophora  gracilis,  Grifp.-Harv.     Ner.  Bor,  Am.  3.  81.     Little  Compton. 

Cladophora  fracia,  Harv.     Ner.  Bor.  Am.  3.  82,     Ehode  Island,  Bailey. 

Cheetomorpha  terea,  Dillw,-Har.     Nor.  Bor.  Am.  3.  86.     Newport,  etc. 

ChsUomorpha  Olneyi,  Harv,     Ner.  Bor,  Am,  3.  8G.     Little  Compton, 

Chsetomorpha  longiarticulata,  Harv.     Ner,  Bor.  Am.  3.  86.     Little  Compton. 

var.  erassior,  Harv.     Ner.  Bor.  Am.  3.  86.     Little  Compton. 
Chxlomorpha  sutoria,  Berk.-Harv.     Ner.  Bor.  Am.  3.  87.     Newport. 
Zygnema  mal/ormatum,  Hass,  1.  141,     Providence. 
Zygnema  catenseforme, 'Q-Asa.   !.  147.     Providence. 
Zygnema  Tkwaitesii,  Olney,  n.  s.     Near^,  subvenlricosum,  Providence. 
Zygnema  longatum,  Hass.    I,  151.     Providence. 

Zygnema  striata,  Olney,  n.  s.  "  Celis  evidently  striated,"  Tliwaitos.     Providence. 
Tyndaridea  bicornis  f  Kxas.  I.  162.     Providence, 
Tyndaridea  insignia  ?  11 ASB.  1.  1G3,     Providence. 
Mesocarpus  parimbis,  Hass.  1.  169.     Providence. 
Mbugeotia  genujiexa,  Ao.-JIasb.  1.  173.     Providence. 
Vesiculifera  concaienata,  Hass.  1.  201.     Providence. 
Vesiculifera  lequalis,  Hass,  1.  205.     Providence. 
Vesiculifera  bombtjcina,  Hass,  1,  208.     Providence. 
Ve^culifera  Candollii,  Hass,  1,  208.     Providence. 
Bulbochmle  rfiHiaiVmi,  Olney,  n.  s.     Providence. 
Lgngbya  majuscula,  Harv.     Bor.  Am.  3.  101.     Providence. 
Sphseroplea  virescens,  Berk.     Providence. 
Sphseroplea  punctalis.  Berk.     Providence, 
Tolypotkrix  distorta,  Kutz.-Hass.     1.  240. 

Calothrix  confervicola,  Ao.-IIarv.     Ner.  Bor.  Am,  3.  105.     Providence. 
Calothrix  scopulorum,  Ag.-IIarv,     Ner.  Bor.  Am.  3.  105,     Providence. 
Hyalotheca  dissiliens,  Ebev.-Ralfb,    Dea.  51.     (Gtoeoprium.)    Providence. 
Hyalotheca  mucosa,  Ehril-Ralfs.     Dea.  53.     Providence. 
Didymoprium  Grevillii,  Kutz.-Ralps.     Dea,  61.     Rhode  Island,  Bailey. 
Didymoprium  Borreri,  Ralfs,     Des.  58.     Rhode  Island,  Bailey. 
Desmidium  Swartzii,  Ao. -Ralfs.    Des,  61.     Throuj^hont  United  States,  Bailey. 
Aptogonum  Baileyi,  Ralfs     Des   209.     Worden's  Pond,  Rhode  Island,  Bailey. 
MicrasteriaB  rotata,  Ralfs.    Des.  71,     Providence. 
MicrasUrias  radiosa,  Ao.-RALFa    Des.  72,     Maine  to  Virginia,  Bailey. 
MicrasterioB.  furcata,  Ralfs,     Des.  73.     Worden's  Pond,  Rhode  Island,  Bailey. 
Micrasterias  Crux- Melilen sis,  Ralfs.     Des.  73.     Maine  to  Virginia,  Bailey. 
Micrasterias  Iruncata,  Bree.-Ralps.     VfbF,.  75.     United  States,  Bailey. 
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Micrasierias  foUacea,  Bailey-Ealfs.     Desm,  210.     Worden's  Tond,  Eliode  Island,  Bailey. 

Micrasterias  Bayleyi,  IIalfs.     Desm.  211.     lljiude  Island,  Bailey, 

Euaslrum  oblongum,  Ralps.     Dea.  80.     Rhode  Island,  Bailey. 

Euastrum  crassum,  KiJTZ.-RALrs,     Des.  81.     Rhode  Island,  BaOey. 

Euastrum  ansatum,  Ehhh.-Ralfs.    Des.  85.     E.  binale  Kntz.     I'rovideiice, 

Euastrum  elegans,  Kutz.-Ralfs.     Des.  89.     Providence. 

Euastrum  binale,  Ralfs.    Desm.  91.     Providence. 

Cosmarium  cacumis,  Coeda.-Ralfs.    Desm.  93.     United  States,  Baiiey. 

Cosmarium  bioculalum,  IIalfs.    Des.  95.     Providence. 

Cosmarium  Meneghinii,  Bkeb. -Ralps.     Des.  96.    United  States,  Bailey. 

Co&marium  crenatum,  Ralps.    Des.  96.     Providence. 

Cosmarium  amwnum,  Bkkb. -Ralfs.     Des.  102,     Providence. 

Cosmarium  ornatum,  Ralps.    Dcs.  104.     Providence. 

Cosmarium  eonnatum,  Breb.-Ralfs.    Des.  108.     Providence. 

Cosmarium  Cucurbita,  Ralps.    Des.  109.     Providence. 

Cosmarium  grandiluberculatum,  Olnby,  n.  s. ;  "  aear  C.  cucumis,  but  with  large  tubercles  on  tho 

frond."    Providence. 
Slaurastrum  orbiculare, 'RAhFS.     Des.  125.     Providence. 
Slauraslrum  hirsutum,  Ralps,    Des.  131.     Providence. 
Slaurastrum  Hi/stria:,  Halts.     Des.  128.     Providence. 
Staurastrum  gracile,  Ralfs.     Des.  136.     Providence. 
Staurastrum  tetracerum,  Ralfs.    Des.  137.     United  States,  Bailey. 
Stauradrum  cyrtocerum,  Breb.-Ralfs.    Des.  139     Providence 
Tetmemoras  Brebissoni,  Ralfs.    Des.  145.     Providei!(,e 
Tetmenurras  granulatus,  Kalfs,    Dcs,  146.     Providence 
Penium  margaritaceum,  BREB.-RALFa    Des,  {CloUet  mm  Ehr  )     Providence. 
Penium  Digitus,  Hreb. -Kalfs.    Des.  151.     {Closlerium  lai  elloivm.) 
Docidium  nodulosum,  BaEB,-RALps,    Dcs.  155.     Maine  to  \  ir[,inia,  Baiiey. 
Docidium  Baculum,  Breb.-Ralfs.    Des.  158.     United  States.     Bailey. 
Docidium  nodosum,  Bailby-Ralfs.     Dcs.  218,     United  States,  Bailey. 
Docidium  conslricium,  Bailey-Ralfs.    Des.  218.    Worden's  Pond,  Bailey. 
Docidium  verrucosum,  Bailey-Ralps.     Dcs.  218.     Rhode  Island,  Bailey, 
Docidium  vertictllalum,  Bailet-Ralfs.    Des.  218.     Worden's  Pond,  Bailey. 
Closlerium  Lunula,  Ehrh  -Ralfs,    Des,  163.     New  England,  Bailey. 
Closterium  momliferum,  Eheh  -Ralfs,     Des,  163.     New  England,  Bailey. 
Closteriwm  striolatnm,  Eheii  -Ralps,     Des.  113.     New  England,  Bailey. 
Closterium  cuspidalum,  Bailey-Ralfs.    Des.  219.     Worden's  Pond,  Bailey. 
Pediastrum  tetras,  Ralfs.    Des.  182,     New  England,  Bailey. 
Pediastrum  heptactis.  Ralps.     Des,  183.     Providence. 

Pediastrum  Boryanum,  Meneoh, -Ralps.    Des.  181.     Maine  to  Mexico,  Bailey. 
Pediastrum  ellipticum,  Hass.-Ralps.    Des.  188.     Maine  to  Virginia,  Bailey 
Scenedesmus  quadricauda,  Bkeb.-Ralfs.    Des.  190.     Maine  to  Virginia,  Bailey. 
Scenedesmus  obtusus,  Meyen.-Ralfs.    Des.  193.     Maine  to  Virginia,  Bailey. 
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Although  beset  with  difficulties  in  the  outset,  no  branch  of  natural  science 
offers  more  attractions,  when  once  the  study  is  fairly  entered  upon,  than  the  fresh- 
water alg£e.  The  enthusiasm  of  the  student  will  soon  be  kindled  by  the  variety 
and  beauty  of  their  forms  and  wonderful  life  processes,  and  be  kept  alive  by  their 
abundance  and  accessibility  at  aU  seasons  of  the  year ;  for  unlike  other  plants,  the 
winter  with  them  is  not  a  period  of  counterfeited  death,  but  all  seasons,  spring, 
summer,  autumn,  and  winter  alike,  have  their  own  peculiar  species.  They  have 
been  found  in  healthy  life  in  the  middle  of  an  icicle,  and  in  the  heated  waters  of 
tlie  boiling  spring ;  they  are  the  last  of  life  alike  in  the  eternal  snow  of  the  moun- 
tain summit  and  the  superheated  basin  of  the  lowland  geyser. 

In  their  investigation,  too,  the  physiologist  can  come  nearer  than  in  almost  any 
other  study  to  life  in  its  simplest  forms,  watching  its  processes,  measuring  its  forces, 
and  approximating  to  its  mysteries.  Sometimes,  when  my  microscope  has  revealed 
a  new  world  of  restless  activity  and  beauty,  and  some  scene  of  especial  interest,  as 
the  impregnation  of  an  cedogonium,  has  presented  itself  to  me,  I  confess  the 
enthusiastic  pleasure  produced  has  been  tempered  with  a  feeling  of  awe. 

To  any  on  whom  through  the  want  of  a  definite  pursuit  the  hours  hang  heavy, 
to  the  physiologist  who  desires  to  know  cell-life,  to  any  student  of  nature,  I  can 
commend  most  heartily  this  study  as  one  well  worthy  of  any  pains  that  may  bo 
spent  on  it. 

An  aquarium  will  often,  in  the  winter  time,  give  origin  to  numerous  interesting 
forms,  but  it  is  not  a  necessity  to  the  fresh-water  algologist;  besides  his  microscope 
and  its  appliances,  all  that  he  absolutely  needs  is  a  few  glass  jars  or  bottles  and 
the  fields  and  meadows  of  his  neighborhood. 

The  great  drawback  to  the  investigation  of  these  plants  has  beep  the  want  of 
accessible  books  upon  them.  In  the  English  language  there  is  no  general  work 
of  value,  and  the  various  original  memoirs  are  separated  so  far  an(J  wide  in  the 
Continental  and  English  journals,  as  to  be  of  but  little  use  to  aaost  American 
readers.  The  Flora  Europmum  Algarum  Aquw  Dulcis  et  Suhmarinm,  of  Prof.  Ra- 
benhorst,  has  done  much  to  facilitate  the  study,  and  its  cheapness  brings  it  within 
the  reach  of  all.  It  merely  gives,  however,  brief  diagnoses  of  the  various  species, 
but  with  the  present  memoir  wUl,  I  trust,  suffice  for  tlie  American  student,  at  least 
until  he  is  very  far  advanced  ifl  his  researches. 

1        November,  1871.  {    1    ) 
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A  certain  amount  of  experience  and  knowledge  of  the  subject  greatly  facilitates 
the  collection  of  these  plants,  but  scarcely  so  much  as  in  other  departments  of  cryp- 
togamic  botany,  since  most  of  the  species  arc  so  small  that  the  most  experienced 
algologist  does  not  know  how  great  the  reward  of  the  day's  toil  may  be  imtil  he 
places  its  results  under  the  object  glass  of  his  compound  microscope.  In  order  to  aid 
those  desirous  of  collecting  and  studying  these  plants,  I  do  not  think  I  can  do 
better  than  give  the  following  hints  as  to  when  and  where  to  find,  and  how  to 
preserve  them. 

There  arc  three  or  four  distinct  classes  of  localities,  in  each  of  which  a  different 
set  of  forms  may  be  looked  for.  These  are  :  stagnant  ditches  and  pools ;  springs, 
rivulets,  large  rivers,  and  other  bodies  of  pure  water;  dripping  rocks  in  ravines, 
&c. ;  trunks  of  old  trees,  boards,  branches  and  twigs  of  living  trees,  and  other 
localities. 

In  regard  to  the  first — stagnant  waters — in  these  the  most  conspicuous  forms 
are  oscillatoriEe  and  zygnemacese.  The  oscillatoriEe  may  almost  always  be  recog- 
nized at  once,  by  their  forming  dense,  slimy  strata,  floating  or  attached,  gene- 
rally with  very  fine  rays .  extending  from  the  mass  like  a  long,  delicate  fringe. 
The  stratum  is  rarely  of  a  bright  green  color,  but  is  mostly  dark ;  dull  greenish, 
blackish,  purplish,  blue,  &c.  The  oscillatoriEe  are  equally  valuable  as  specimens 
at  all  times  and  seasons,  as  their  fruit  is  not  known,  and  the  characters  defining 
the  species  do  not  depend  upon  the  sexual  organs.  The  zygnemas  are  the  bright 
green,  evidently  filamentous,  slimy  masses,  which  float  on  ditches,  or  lie  in  them, 
entangled  amongst  the  water  plants,  sticks,  twigs,  &c.  They  are  only  of  scientific 
value  when  in  fruit,  as  it  is  only  at  such  times  that  they  can  be  determined. 
Excepting  in  the  case  of  one  or  two  very  large  forms,  it  is  impossible  to  tell  witli 
the  naked  eye  with  certainty  whether  a  zygnema  is  in  fruit  or  not;  but  there  are 
one  or  two  practical  points,  the  remembrance  of  which  will  very  greatly  enhance 
the  probable  yield  of  an  afternoon's  search.  In  the  first  place,  the  fruiting  season 
is  in  the  spring  and  early  summer,  the  latter  part  of  March,  May,  and  June  being 
the  months  when  the  collector  will  be  best  repaid  for  looking  for  this  family. 
Again,  when  these  plants  are  fruiting  they  lose  their  bright  green  color  and  become 
dingy,  often  yellowish  and  very  dirty  looking — just  such  specimens  as  the  tyro 
would  pass  by.  The  fine,  bright,  green,  handsome  masses  of  these  algse  are  rarely 
worth  carrying  home.  After  all,  however,  much  must  be  left  to  chance ;  the  best 
way  is  to  gather  small  quantities  from  numerous  localities,  keeping  them  separate 
until  they  can  bo  examined. 

Adhering  to  the  various  larger  ])lants,  to  floating  matters,  twigs,  stones,  &c.,  in 
ditches,  will  often  be  found  filamentous  alga;,  which  make  fine  filmy  fringes  around 
the  stems,  or  on  the  edges  of  the  leaves ;  or  perchance  one  may  meet  with  rivulariiB 
or  nostocs,  &c.,  forming  little  gi-een  or  brownish  halls,  or  indefinite  protuberances 
attached  to  small  stems  and  leaves.  These  latter  forms  are  to  he  looked  for 
especially  late  in  the  season,  and  whenever  seen  should  be  secured. 

In  the  latter  part  of  summer,  there  is  often  a  brownish,  gelatinous  scum  to  be 
seen  floating  on  ditches.  Portions  of  this  should  be  preserved,  as  it  frequently  con- 
tains interesting  nostocS  and  other  plants. 
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In  regard  to  largo  rivers,  the  time  of  year  in  which  I  have  been  most  successful 
in  such  localities  is  the  latter  summer  months.  /Springs  and  small  bodies  of  clear 
water  may  be  searched  with  a  hope  of  reward  at  any  time  of  the  year  when 
they  arc  not  actually  frozen  up.  I  have  found  some  exceedingly  beautiful  and 
rare  alg^  in  such  places  as  early  as  March,  and  in  open  seasons  they  may  be  col- 
lected even  earlier  than  this.  The  desmids  are  most  abundant  in  the  spring,  and 
possibly  most  beautiful  then.  They,  however,  rarely  conjugate  at  that  time,  and 
the  most  valuable  specimens  are  therefore  to  be  obtained  later — during  the  summer 
and  autumn  months ;  at  least,  so  it  is  said;  and  the  experience  I  have  had  with  this 
family  seems  to  coniirra  it.  Rivulets  should  be  watched  especially  in  early  spring, 
and  during  the  summer  months. 

From  the  time  when  the  weather  first  grows  cool  in  the  autumn,  on  until  the  cold 
weather  has  fairly  set  in,  and  the  reign  of  ice  and  snow  commences,  is  the  period 
during  which  the  alg^  hunter  should  search  carefully  all  wet,  dripping  rocJcs,  for 
specimens.  Amongst  the  stems  of  wet  mosses— in  dark,  damp  crevices,  and  little 
grottos  beneath  shelving  rocks — is  the  algse  harvest  to  be  reaped  at  this  season. 
Nostocs,  palmellas,  conjugating  desmids,  sirosiphons,  various  unicellular  algEe,  then 
flourish  in  such  localities.  My  experience  has  been,  that  late  in  the  autumn, 
ravines,  railroad  cuttings,  rocky  river-banks,  &c.,  reward  time  and  labor  better  than 
any  other  localities. 

The  vaucherias,  which  grow  frequently  on  wet  ground,  as  well  as  submerged, 
fruit  in  the  early  spring  and  summer  in  this  latitude,  and  are  therefore  to  be  col- 
lected at  such  times,  since  they  are  only  worth  preserving  when  in  fruit. 

In  regard  to  algse  which  grow  on  trees,  I  have  found  but  a  single  species,  and  do 
not  think  they  are  at  all  abundant  in  this  latitude.  Farther  south,  if  one  may 
judge  by  Professor  Ravenel's  collections,  they  are  the  most  abundant  forms. 

Although  perhaps  of  but  little  interest  to  the  distant  collector,  yet  for  the  sake 
of  those  living  nearer,  I  will  occupy  a  few  lines  with  an  account  of  the  places 
around  Philadelphia  which  will  best  repay  a  search  for  fresh-water  alg«.  As  is 
well  known,  below  the  city,  there  is  what  is  known  as  the  "  Neck,"  a  perfectly  level 
extent  of  ground  lying  in  the  fork  between  the  rapidly  approaching  rivers,  Schuyl- 
kill and  Delaware.  This  is  traversed  by  numerous  large  ditches,  and,  especially 
just  beyond  the  city  confines,  has  yielded  to  me  an  abundant  harvest.  My  favorite 
route  is  by  the  Fifth  Street  cars  to  their  terminus,  then  across  the  country  a  little 
to  the  east  of  south  until  the  large  stone  bam,  known  as  "  Girard's  Bam,"  is 
reached.  A  large  ditch  lies  here  on  each  side  of  the  road,  which  is  to  be  followed 
until  it  crosses  the  Pennsylvania  Railroad,  then  along  this  to  the  west,  until  the 
continuation  of  Tenth  Street  crosses  it.  Here  the  ditches  cease,  and  the  steps  are 
to  be  turned  homeward.  From  Girard's  barn  to  the  crossing  just  alluded  to, 
ditches  great  and  small  lie  all  along  and  about  the  route,  ditches  which  have  often 
most  abundantly  rewarded  my  search,  and  enabled  me  to  return  home  richly  laden. 
The  best  season  for  collecting  here  is  from  March  to  July,  and  again  in  October, 
when  some  of  the  nostocs- may  be  looked  for. 

Crossing  the  river  Delaware  to  the  low  country  below  and  above  the  city  of 
Camden,  the  collector  will  find*  himself  in  a  region  similar  to  that  just  described. 
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and  like  it  cut  up  by  numerous  ditches,  in  which  are  pretty  much  the  same  forms 
as  in  the  "Neck,"  But  by  taking  the  Camden  and  Atlantic  cars  for  twenty  to 
forty  miles  into  New  Jersey  to  what  is  known  as  the  "  Pines,"  he  wiU  got  into  a 
very  different  country ;  low,  marshy,  sandy  grounds,  with  innumerable  pools,  ahd 
streams  whose  dark  waters,  amber-colored  from  the  hemlock  roots  over  which  they 
pass,  flow  sluggishly  along,  I  have  been,  somewhat  disappointed  in  my  collections 
in  such  localities.  Fresh-water  algse  do  not  appear  to  flourish  in  infusion  of  hem- 
lock, and  consequently  the  streams  are  very  bare  of  low  vegetable  life.  On  the 
other  hand,  in  pools  in  the  more  open  places,  my  search  has  been  repaid  by  find- 
ing some  very  curious  and  interesting  forms,  which  apparently  are  peculiar. 

North  of  Philadelphia  are  several  places,  which  at  certain  seasons  will  richly 
reward  the  microscopist.  Along  the  Delaware  Eiver,  there  is  a  similar  country 
and  flora  to  that  of  the  "  Neck,"  But  back  from  the  river  things  are  quite  dif- 
ferent. The  North  Pennsylvania  Railroad  passes  near  Chelten  Hills,  some  eight 
miles  or  so  from  the  city,  through  some  deep  rock  cuttings,  which  are  kept  con- 
stantly dripping  by  numerous  minute  springs  bursting  from  between  the  strata. 
At  the  proper  season,  these  will  yield  an  abundant  harvest.  Besides  these,  there 
is  also  a  stream  of  water  with  ponds  running  along  by  the  road,  which  should  be 
looked  into.  I  have  seldom  had  more  fruitful  trips  than  some  made  very  early  in 
the  spring  to  this  locality;  but  then  it  was  in  little  pools  in  the  woods,  and  espe- 
cially in  a  wooded  marsh  or  meadow  to  the  left  of  the  road,  some  distance  beyond 
the  station,  that  I  found  the  most  interesting  forms. 

The  Schuylkill  River  and  its  banks  have  aff'orded  materials  for  many  hours  of 
pleasant  work.  In  the  river  itself  a  few  very  interesting  forms  have  been  found; 
but  it  is  especially  along  its  high  banks  that  the  harvest  has  been  gathered. 

The  dripping  rocks  and  little  wood  pools  in  the  City  Park  are  well  worth  visiting; 
but  the  best  locality  is  the  western  bank,  along  the  Reading  Railroad,  above  Mauar 
yunk,  between  it  and  the  upper  end  of  Flat  Rock  tunnel.  Down  near  the  river,  at 
the  lower  end  of  the  latter,  will  be  found  a  number  of  beautiful,  shaded  rocky  pools, 
which,  in  the  late  summer,  are  fuU  of  Chaetopftora  and  other  algEe.  Along  the 
west  rocks  of  the  river  side  of  the  bluff,  through  which  the  tunnel  passes,  arc  to 

be  found,  late  in  the  fall,  numerous  algse.     It  is  here  that  the  Palmella  Jessenii 

grows  in  such  abundance. 

"West  of  the  city,  in  Delaware  and  Chester  Counties,  is  a  well  wooded  and 

watered,  hiUy  couhtry,  in  which,  here  and  there,  numerous  fresh-water  algse  may 

be  picked  up. 

As  to  the  preservation  of  the  algiE — most  of  the  submerged  species  are  spoiled 

by  drying.     Studies  of  them  should  always,  when  practicable,  be  made  whilst  fresh. 

Circumstances,  however,  wiU  often  prevent  this,  and  I  have  found  that  they  may 

be  preserved  for  a  certain  period,  say  three  or  four  months,  without  very  much 

change,  in  a  strong  solution  of  acetate  of  alumina. 

An  even  better  preservative,  however,  and  one  much  more  easily  obtained,  is 

carbolic  acid,  for  I  have  studied  desmids  with  great  satisfaction,  which  had  been 

preserved  for  five  or  six  years  iu  a  watery  solution  of  this  substance.     In  regard 

to  the  strength  of  the.  solution  I  have  no  fixed  rule.     Always  simply  shaking  up 
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a  few  drops  of  the  acid  with  the  water,  until  the  latter  is  very  decidedly  impreg- 
nated with  it,  as  indicated  by  the  senses  of  smell  and  taste. 

Almost  all  species  of  algte  which  are  firm  and  semi-cartilaginous,  or  almost 
woody  in  consistency,  are  best  preserved  by  simply  drying  them,  and  keeping  them 
in  the  ordinary  manner  for  small  plants.  The  fresh-water  algse  which  bear  this 
treatment  well  belong  to  the  Phycochromophyceoi,  such  as  the  Nosiocs,  Scytonema^ 
&c.,  the  true  confervas  not  enduring  such  treatment  at  all.  When  dried  plants 
are  to  be  studied,  fragments  of  them  should  be  soaked  for  a  few  minutes  iu  warm, 
or  for  a  longer  time  in  cold  water. 

The  only  satisfactory  way  that  algse  can  be  finally  prepared  for  the  cabinet  is  by 
mounting  them  whole  or  in  portions,  according  to  size,  for  the  microscope.  Of  the 
best  methods  of  doing  this,  the  present  is  hardly  the  time  to  speak;  but  a  word  as 
to  the  way  of  cleaning  them  will  not  be  out  of  place.  Many  of  them,  especially 
the  larger  filamentous  ones,  may  be  washed  by  holding  them  fast  upon  an  ordinary 
microscope  slide,  with  a  bent  needle  or  a  pair  of  forceps,  and  allowing  water  to 
flow  or  slop  over  them  freely,  whilst  they  are  rubbed  with  a  stifiish  camel's-hair 
pencil  or  brush.  In  other  cases,  the  best  plan  is  to  put  a  mass  of  the  specimens  in 
a.  bottle  half  full  of  water,  and  shake  the  whole  violently;  drawing  off  the  water 
from  the  plants  in  some  way,  and  repeating  the  process  with  fresh  additions  of 
water,  until  the  plants  are  well  scoured.  At  first  sight,  this  process  would  seem 
exceedingly  rough,  and  liable  to  spoil  the  specimens,  but  I  have  never  seen  bad 
resiilts  from  it,  at  least  when  practised  with  judgment.  The  water  seems  so  to 
envelop  and  protect  the  little  plants  that  they  are  not  injured. 

After  all,  in  many  instances  it  appears  impossible  to  clean  these  algre  without 
utterly  ruining  and  destroying  them — the  dirt  often  seeming  to  be  almost  an  inte- 
grant portion  of  them;  so  that  he  who  despises  and  rejects  mounted  specimens, 
simply  because  they  are  dirty  and  unsightly,  will  often  reject  that  which,  scienti- 
fically speaking,  is  most  valuable  and  attractive. 

In,  finally  mounting  these  plants,  the  only  proper  way  is  to  place  them  in  some 
preservative  solution  within  a  cell  on  a  slide.  After  trial  of  solution  of  acetate  of 
alumiaa  and  various  other  preservative  fluids,  I  have  settled  upon  a  very  weak 
solution  of  carbolic  acid,  as  the  best  possible  hquid  to  mount  these  plants  in. 
Acetate  of  alumina  would  be  vei*y  satisfactory  were  it  not  for  the  very  great 
tendency  of  the  solution  to  deposit  minute  granules,  and  thus  spoil  the  specimens. 
As  every  one  knows,  the  great  difficulty  in  preserving  microscopic  objects  in  the 
moist  way  is  the  perverse  tendency  of  the  cells  to  leak,  and  consequently  slowly  to 
allow  entrance  to  the  air  and  spoil  the  specimen. 

As  I  have  frequently  found  to  my  great  chagrin,  the  fact  that  a  slide  has  re- 
mained unchanged  for  six  months,  or  even  a  year,  is  no  guarantee  that  it  will  remain 
so  indefinitely.  It  becomes,  therefore,  exceedingly  important  to  find  some  way  of 
putting  up  microscopic  objects  that  can  be  relied  on  for  their  preservation.  Where 
carbolated  glycerine  jelly  or  Canada  balsam  can  be  used,  the  solid  coating  which 
they  form  around  the  specimens  constitutes  the  best  known  protection.  Except  in 
the  case  of  the  diatoms,  however,  these  substances  so  shrivel  and  distort  the  fresh- 
water algfe  immersed  in  them  as  to  utterly  ruin  them.    I  lost  so  many  specimens 
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by  the  old  ways  of  mounting,  that,  becoming  disheartened,  I  gave  up  all  idea  of 
making  a  permanent  cabinet,  until  a  new  cement,  invented  by  Dr.  J,  G.  Hunt,  of 
this  city,  was  brought  to  my  notice.     This  is  prepared  as  follows: — 

"  Take  damar  gum,  any  quantity,  and  dissolve  it  in  benzole ;  the  solution  may  be 
hastened  by  heat.  After  obtaining  a  solution  just  thick  enough  to  drop  readily 
from  the  brush,  add  enough  of  the  finest  dry  oxide  of  zinc — previously  triturated 
in  a  mortar  with  a  small  quantity  of  benzole — until  the  solution  becomes  whit^ 
when  thoroughly  stirred.  If  not  too  much  zinc  has  been  added,  the  solution  will 
drop  quickly  from  the  brush,  flow  readily,  and  dry  quickly  enough  for  convenient 
work.  It  will  adhere,  if  worked  properly,  when  the  cell-cover  is  pressed  down, 
even  when  glycerine  is  used  for  the  preservative  medium.  Keep  in  an  alcohol- 
lamp  bottle  with  a  tight  lid,  and  secure  the  brush  for  applying  the  cement  in  the 
lid  of  the  bottle." 

Its  advantages  lie  in  the  circumstance,  that  the  glass  cover  can  be  placed  upon 
the  ring  of  it  whilst  still  fresh  and  soft,  and  that  in  drying,  it  adheres  to  both  cover 
and  slide,  so  as  to  form  a  joint  between  them  of  the  width  of  the  ring  of  cement, 
and  not,  as  with  asphaltum,  gold  size,  &c.,  simply  at  the  edge  and  upon  the  outside 
of  the  cover.  It  is  readily  to  be  seen  how  much  less  liability  to  leakage  must 
result  from  this.  The  method  of  mounting  with  it  is  as  follows:  A  ring  of  any 
desired  size  is  made,  by  means  of  an  ordinary  Shadbolt's  turn-table,  upon  a  slide, 
which  is  then  placed  to  one  side  to  dry.  When  required  for  use,  the  specimen, 
cover,  &c.,  being  all  prepared  and  ready,  the  slide  is  again  placed  upon  the  turn- 
table and  a  new  ring  of  cement  put  directly  upon  the  old  one.  The  specimen  is 
immediately  placed  within  the  cell  thus  formed,  and  the  requisite  quantity  of  the 
carbolated  water  placed  upon  it.  The  cover,  which  must  be  large  enough  to  entirely 
or  nearly  cover  the  cement  ring,  is  now  picked  up  with  the  forceps,  the  under  side 
being  moistened  by  the  breath  to  prevent  adhesion  of  air-bubbles,  and  placed  care- 
fully in  position.  It  is  now  to  be  carefully  and  equably  pressed  down  with  some 
force.  By  this,  any  superfluous  water  is  squeezed  out  and  the  cover  is  forced  down 
into  the  cement  which  rises  as  a  little  ring  around  its  edge.  The  pressure  is  best 
made  with  a  stiff  needle,  at  first  on  the  centre  and  then  upon  the  edges  of  the  cover, 
which  may  finally  be  made  slowly  to  revolve  underneath  the  needle  point.  The 
slide  may  then  be  put  aside  to  dry;  or,  better,  an  outside  ring  of  the  cement  thrown 
over  its  edge  in  the  usual  manner.  "Where  a  deep  cell  is  required,  several  coats  of 
the  cement  should  be  placed  one  over  the  other,  each  being  allowed  to  dry  in 
turn.  If  time  be  an  object,  and  only  a  shallow  cell  he  necessary,  the  first  ring  of 
cement  may  be  dispensed  with,  and  the  whole  mounting  of  the  specimen  be  done 
in  a  few  minutes.  Even  with  this  cement  and  the  utmost  care  in  mounting,  the 
cabinet  should  be  occasionally  inspected,  for  there  will  always  be  some  slides  into 
which  air  will  penetrate.  When  such  are  found,  efforts  may  be  made  to  stop  tho 
leak  by  new  rings  of  cement  overlaid  upon  the  old,  but  very  often  entire  remount- 
ing of  the  specimen  is  the  only  satisfactory  cure. 

The  classification  which  I  have  adopted  in  this  memoir  is  that  of  Professor  Ka- 
benhorst,  I  have  finally  selected  it,  not  as  being  absolutely  natural,  but  as  conve- 
nient, and  as  rarely  doing  much  violence  to  the  natural  relations  of  the  various  species. 


Hosted  by 


Google 


INTRODUCTION.  7 

Our  knowledge  of  the  life-history  of  the  algse  must  make  very  many  advances 
before  the  true  system  can  be  developed,  and  abstinence  from  adding  to  the  present 
numerous  classifications  is  an  exhibition  of  self-control  not  very  common. 

There  are,  however,  certain  great  groups,  which  are  already  plainly  foreshadowed, 
and  which  no  doubt  will  be  prominent  points  in  the  perfected  classification. 
Amongst  these  are  the  Conj_ugatcB,  or  those  plants  in  which  sexual  reproduction 
occurs  by  the  union  of  two  similar  cells.  In  the  present  paper  all  the  plants  of 
this  family  described  are  together,  since  the  diatoms  are  not  noticed  ;  but  in  Kaben- 
horst's  M'ork  the  latter  plants  are  very  widely  separated  from  their  fellows,  and  this 
seems  to  me  the  weak  point  of  the  Professor's  system. 
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Class  PHYCOCHROMOPHYCE^. 

Plant<E  uni-  vel  multicellulares,  in  aqua  vigentes  vel  extra  aquam  in 
muco  matricali  nidulantcs,  plerumque  familias  per  cellularum  generationes 
successivas  ortas  formantes. 

*  non  siliceum,  combustibile. 
ylasma  phycochromate   coloratum,  nucleo   destitutum,   granulis 
amylaceis  plerumque  nuUis. 

Propagalio  divisione  vegetativa,  gonidiis  immobilibus  vel  sporis  tran- 
quillis. 

Unicelhdar  or  mvlticellular  plants  living  in  water,  or  incased  in  a  mater- 
nal jelly  out  of  it,  mostly  in  families  formed  from  successive  generations 
of  cells. 

Cytioderm  not  siliceous,  combustible. 

Cytioplasm  an  endoclirome,  brown,  olivaceous,  fuscous,  &c.,  destitute 
of  nucleus,  mostly  without  starch  granules. 

Propagation  by  vegetative  division,  by  immovable  gonidia  or  tranquil 
spores. 

The  pbycochroms  are  plants  at  the  very  bottom  of  the  scale,  distinguished  by 
the  simplicity  of  their  structure  and  the  color  of  their  protoplasm,  which,  instead 
of  being  of  the  beautiful  green  that  marks  chlorophyll,  is  fuscous,  or  yellowish, 
bluish,  bro^vnish,  or  sometimes  particolored,  and  rarely  greenish,  but  of  a  shade 
very  distinct  from  the  chlorophyll  green,  more  lurid,  bluish  or  yellowish,  or  oliva- 
ceous in  its  hue.  The  nucleus  appears  to  be  always  wanting.  The  cell  wall  is 
oftentimes  distinct  and  sharply  defined,  but  in  many  instances  it  is  not  so,  the 
walls  of  different  cells  being  fused  together  into  a  common  jelly  in  which  they  are 
imbedded.  In  a  large  suborder  the  wall  is  replaced  by  a  sheath,  which  in  some 
genera  surrounds  cells  with  distinct  walls,  in  others,  cells  without  distinct  walls, 
and  in  stUl  others,  a  long  cylindrical  mass  of  endochrome,  which  may  be  looked 
upon  as  a  single  cell. 

Many  of  the  pbycochroms  are  unicellular  plants  in  the  strictest  sense  of  the  word, 
but  more  often  the  cells  are  conjoined,  so  as  to  form  little  families,  each  cell  of 
which  is  in  a  sense  a  distinct  individual  capable  of  separate  life,  yet  the  whole 
bound  together  into  a  composite  individual.     Rarely  the  phycochrom  is  a  multi- 
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cellular  plant  in  the  stricter  use  of  the  term.  Increase  takes  place  by  the  multipliT 
cation  of  cells  by  division,  and  also  by  the  formation  of  enlarged  thick-walled  cells, 
to  which  the  name  of  spores  has  been  given,  although  it  is  entirely  uncertain 
whether  they  are  or  are  not  the  result  of  sexual  action.  There  are  numerous 
peculiar  forms  of  cell  multiplication  by  division  occurring  iij  these  plants,  the  dis- 
cussion of  which  will  be  found  scattered  through  the  remarks  on  the  various 
families  and  genera. 

The  method  of  reproduction,  and  in  fact  the  life  history  in  general,  of  the  phy- 
cochroms,  is  still  involved  in  such  mystery,  that  I  am  not  aware  that  absolute 
sexual  generation  has  been  demonstrated  in  any  of  them.  This  being  the  case,  it  is 
not  to  be  wondered  at  that  many  have  conjectured  as  possible,  and  some  have  roundly 
asserted  as  true,  that  the  phycochroms  are  merely  stages  in  the  life  history  of  higher 
plants ;  that  they  are  not  species,  and,  consequently,  that  any  attempt  at  describing 
such  is  little  more  than  a  busy  idleness.  In  regard  to  some  of  them  it  has  certainly 
been  rendered  very  probable  that  they  are  merely  fixed  stages  of  higher  plants. 
On  the  other  hand,  in  the  great  bulk  of  the  forms,  no  proof  whatever  has  been 
given  that  they  arc  such.  They  all  certainly  have  fixed,  definite  characters,  capa- 
ble of  being  expressed  and  compared,  so  that  the  different  forms  can  be  defined, 
recognized,  and  distinguished.  If,  therefore,  future  discoveries  should  degrade 
them  as  subordinate  forms,  names  will  still  be  required,  and  definitions  still  be 
necessary  to  distinguish  them  one  from  the  other,  so  long  as  they  are  common 
objects  to  the  microscopist. 

If  Nostoc  commune,  for  example,  were  proven  to  be  a  peculiar  state  or  develop- 
ment of  Polytricum  commune,  I  conceive  it  would  be  still  known  as  Nostoc  commune. 
But,  as  previously  stated,  no  proof  whatever  has  as  yet  been  furnished  for  the  vast 
majority  of  the  plants  of  this  family,  to  show  that  they  bear  any  such  relation  to 
higher  plants ;  and  until  some  such  proof  is  forthcoming,  certainly  the  only  scien- 
tific way  to  act,  is  to  treat  them  as  distinct  species. 

Order  Cystiphorse* 

plants  unicellulares.     Cellulse  siogulas  vel  plures  in  familias  consociatse. 
Unicellular  plants.     Cells  single  or  eonsociated  in  families. 

In  this  order  the  cells  are  oblong,  cylindrical,  spherical,  or  angular.  They  are 
sometimes  single,  or  more  conunonly  are  united  by  a  common  jelly  into  families, 
which  sometimes  are  surrounded  by  distinct  coats.  The  mucus  or  jelly,  in  which 
the  cells  are  imbedded,  is  mostly,  but  not  always,  colorless,  and  varies  in  firmness 
from  semifluid  to  cartilaginous.  The  division  of  the  cells  may  take  place  either  in 
one,  two,  or  three  directions  or  planes. 

Family  CHEOOCOCCACE^. 

Character  idem  a«  ordine. 
Characters  those  of  the  order. 


Hosted  by 


Google 


FRESH-WATER   ALG^   OF   TEE   UNITED    STATES,  H 

Genus  CHKOOCOCCUS,  N^geli. 
Cellulfe  globosfe  ovalea  vel  a  pressione  mutua  plug  rainna  angiilosa;,  solitariie  vel  in  familias  con- 
Bociatffi,  liberte  (a  vesica  matricali  non  involatai) ;  cy tiodermate  aehromatico,  horaogeneo,  saepe  in  muco 
pluH  minus  firmo  conflaeiite ;  cytioplasmate  teruginoao  vel  pallide  cseruleo-viridi,  non  rare  luteoio  vel 
aurantiaco,  interdum  purpurascente,  Generationum  successivarum  divisio  alternatim  ad  directiones 
trea. 

Syn. — Prolococcus,  Aq.  et  Ktz.,  &e.,  ex  parte.  Pleurococcus,  Menoh. 
Qlobulinae  et  Protosphseriee,  Turpin,  ex  part. 
Cells  globose,  oval,  or  from  mutaal  pressure  more  or  less  angular,  solitary,  or  consociated  in  free 
families  (not  inTolved  in  a  maternal  vesicle);  Cytioderm  achromatic,  homogencoua,  often  couiluent 
iuto  a  more  or  less  firm  mucus;  cytioplasm  seruginous  or  pale  bluish-green,  not  rarely  yellowish  or 
orange,  sometimes  purplish.  Successive  generations  arising  by  alternate  division  in  three  directions. 
C.  reft-actus,  Wood. 

C.  cellulis  in  familias  solidas  arete  consociatis,  plerumque  subquadratis,  ssepius  triangularibus, 
rare  angulosis;  familiia  ssapius  lobatis;   cytiodermate  tenui,  vix  visibile,  achroo;  cytioplas- 
mate subtiliter  granulato,  subfusco  vel  subluteo  vel  oliraeeo,  valde  refrangento. 
Diam. — Cell  gson" — suVs'i  "^^^^  i^  cellulis  singulis  ts-^uts";  famil,  te'dtj" — iJo"- 
Syn. — G.  refraclus,  Wood,  Prodromus,  Proc.  Amcr.  Philos.  See,  18G9,  122. 
Hab. — In  rupibaa  irroratis  gropo  Philadelphia. 

Cells  closely  associated  together  into  solid  families,  mostly  subquadrate,  very  often  triangular, 
rarely  multiangular ;  families  often  lobed  ;  cytioderm  thin,  scarcely  perceptible,  ti'anspareut ; 
cytioplasm  finely  granular,  brownish,  olivaceous,  or  yellowish,  highly  refractive. 

Remarlcs. — The  color  of  this  species  varies  from  a  marked  almost  fuscous  brown 
to  a  light  yellowish-brown,  the  lighter  tints  being  the  most  common.  The  cells 
are  remarkable  for  their  powerful  refraction  of  the  light,  resembling  often  oil  as 
seen  under  the  microscope,  especially  if  they  be  the  least  out  of  the  focus.  They 
are  very  closely  joined  together  to  form  the  families,  many  of  which  are  composed 
only  of  four  cells.  Often,  however,  a  large  number  of  the  cells  are  fused  together 
into  a  large,  irregular,  more  or  less  lobate  family,  and  these  sometimes  are  closely 
joined  together  into  great  irregular  masses.  I  have  occasionally  seen  large  single 
cells  with  very  thick  coats,  whose  protoplasm  was  evidently  undergoing  division. 
Are  such  a  sort  of  resting  spore  ?  The  color  of  the  protoplasm  varies.  Perhaps  the 
more  common  hue  is  a  sort  of  clay  tint.  Bluish-olive  and  a  very  faint  yellowish- 
brown  are  not  rarely  seen.  The  species  grows  abundantly  on  the  wet  rocks  along 
the  Keading  Eailroad  between  Manayunk  and  the  Flat  Rock  tunnel. 

Fig.  5,  pi.  5,  represents  different  forms  of  this  species;  those  marked  a,  magnified 
750  diameters;  &,  470  diameters;  c,  950  diameters. 

C.  niulticoloratus,  Wood. 

C.  in  strato  mncoso  inter  algos  varias  sparsns ;  cellulis  singulis  et  sphasricis,  vel  2-4  (rare  8)  aut 
angulis  ant  semisphsricis  aut  abnormibns  in  familias  oblongas  eonsociatia ;  cytiodermate  crasso, 
byalino,  baud  lamelloso  tegumontis  plerumque  nnllis,  interdum  subnullis;  cytioplasmate  ple- 
rumque homogeneo,  interdum  subtditer  granulato,  vel  luteo-viride  vel  cteruleo-viridc  vol  luteo 
vel  subnigro,  vel  brnnneo  vel  saturate  anrantiaco,  stepe  ostro  tincto. 

i>iam.— Cell.,  sing,  sine  tejjm  ^  /'  cum  teg.  tsW;  cell,  in  famil.  sing,  teub"— isnir- " 
Earn.  long,  ^sois"— wsSu";  'at.  ^^^"—^^^^". 
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Syn. C.  muU'icoloralus,  Wood,  Prodromus,  Proc.  Amer.  Philos.  Soc,  1869,  122. 

Hob. — iu  rupibus  humidis  prope  Philadelphia. 

C.  occurring  scattered  in  a  mucous  stratum  with  other  aJgK ;  cells  spherical  and  single,  or  else 
angular  semi-spherical  or  irregular  and  associated  together  in  oblong  families  of  from  2-4 
(rarely  8) ;  inner  coat  thick,  hyaline,  not  lamellate ;  outer  coat  generally  wanting,  sometimes 
indistinctly  present;  endochrome  mostly  homogeneous,  sometimes  minutely  granular,  cither  a 
yellowish -green  or  bluish-green,  or  yellowish  or  brown,  or  blackish,  sometimes  tinged  with 
bright  lake. 

The  cells  of  this  species  do  not  appear  to  have  any  tendency  to  unite  to  form 
large  masses  or  fronds.  On  the  contrary  they  are  generally  very  distinct.  Their 
color  varies  very  much,  in  a  larger  number  of  instances  they  were  a  decided  yeUow- 
ish-grcen,  tinged  at  some  point  or  other  with  a  beautiful  lake.  When  several  cells 
are  formed  by  division  out  of  one  cell,  a  similar  division  of  the  very  thick  surround- 
ing gelatinous  coat  follows  separating  them  finally  entirely  one  from  the  other,  I 
have  seen  a  single  cell  which  appears  to  be  an  encysted  form  of  this,  of  which  I  give 
a  drawing. 

Fig.  6,  pi.  5,  represents  different  forms  of  this  species  magnified  2G0  diameteK. 

C.  thermophiliis,  Wood. 

C.  cellnlis  singulis  ant  geminis  vcl  quadrigeminis  et  in  familias  consociatis,  oblongis  vel  Bub- 
globosis,  intcrdum  angulosis,  hand  stratum  niueosum  formantibus;  tegumento  crassissimo, 
acbroo,  hand  lamelloso,  homogenco ;  cytioplasmate  viride,  interdum  subtilitcr  granulate,  intcr- 
dum homogeneo. 

Diam. — Ccllulffi  singnlte  sine  tegumento  longitudo  maxima  y^jj/',  latitude  maxima  53*^3". 

Syn. —  0.  ihermopMlus,  Wood,  American  Journal  Science  aud  Arts,  1860. 

Sab. — Benton  Springs,  Owen  Co.,  California  (Mrs.  Parz.)- 

Cells  single,  geminate,  or  quadrigeminatc  and  consociated  into  families,  oblong  or  subgloboso, 
sometimes  angular,  not  forming  a  mucous  stratum;  tegument  very  thick,  transparent,  not 
lamellate,  homogeneous ;  eytioplasm  green,  sometimes  minutely  granulate,  sometimes  homo- 


—Remarks  upon  this  species  will  be  found  under  the  head  of  Nosfoo 
calidariumf  Wood. 

Genus  GLOEOCAPSA,  Ktz. 

"  Cellulte  spheriere  aut  singulse  aut  nuraerosse  in  i^milias  eonsociatse ;  singula^  tegumento  vesiculi- 
forme  (cytiodermate  tumido)  inclnsa),  post  divisionem  spontaneam  in  cellulas  duas  Tiiiales  factam 
utraque  tegumento  se  induit,  dam  ambffi  tegumento  matricali  involutse  remanent;  cellularum  harum 
filialium  iterum  in  duas  cellulas  divisione  continuo  repetita,  tegumentnm  atavise  restat  et  sese  exten- 
dens  familiam  totam  circumvelat.  Cytioderma  crassum,  sspo  crassissimum,  cellulte  lumen  crassitie 
lequans  vel  superans,  achromaticum  vel  coloratura,  plerumqne  lamellosum ;  lamellie  ve!  strata  non 
raro  discedentia.  Cytioplasma  lernginosum,  cEeruleo-viride,  chalybeum,  rufeseens,  liiteo-fuscnm,  &c. 
Cellularum  divisio  directione  ad  tres  dimensiones  alt«rnante.  Cellulse  generationum  nltimamia 
minorea  quam  priorupi  sunt."  (Rab.) 

Syn. — Globulina  et  Bichalia,  Torpin,  ex  part. 
■  Oloeocapsa,  Ktz.,  ex  part. 
Microcystis,  Menegh,,  ex  part. 

Cells  spherical,  either  jingle  or  associated  in  numbers  into  families;  the  single  cell  included  a 
vesiculiform  tegument  (the  tumid  cytiodcrm);  this  cell  then  undergoing  division  into  two  daughtcr- 
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cells,  each  of  ■which  has  a  distinct  tegument,  the  whole  being  surrounded  with  that  of  the  old  mother- 
cell.  This  process  of  division  is  then  repeated  again  and  again,  the  original  cell-wall  remaining  and 
surronnding  the  family  thus  formed.  Cytioderm  thick,  often  very  thick,  equalling,  or  exceeding  in 
diameter  the  cavity  of  the  cell,  achromatic  or  colored,  mostly  lamellated,  lamellse  or  strata  not  rarely 
separating.  Cytioplasm  of  various  colors,  eeruginous,  bluish-green,  chalybeate,  reddish,  yellowish- 
fuscous,  &c.  Division  of  the  cells  occurring  in  three  directions.  The  last  generation  of  cells  smaller 
than  the  earlier  ones. 

€t.  sparsa,  Wood. 

G.  in  strato  mucoso  sociis  algis  variis  sparsa;  cellulis  sphiericis,  vel  oblongis  vel  ovatis,  2-8  in 
familias  consociatis;  familiis  subglobosis  vel  subovatis,  interdiim  nuraeroso-aggregatis ;  tegu- 
mentis  internia  aureofuscis,  firmis,  rarissime  coloris  expertibns,  homogeoeis,  vel  lamellosis ; 
tegumeatis  externis  achromaticis,  rare  subachromaticis,  plernmque  vis  viaibilibus ;  cytioplas- 
mate  bomogeneo. 

Diam. — Max.  eelL  oblong,  sine  tegum.  long.,  ^^^j;" ;  lat.,Tgo5"i  cell,  glob.,  sine  tegum., 
EoVo";  cum  tegum.,  tb'tb";   fam.,  ^J/'. 

Syn. — G.  sparsa,  Wood,  Prodromus,  Proc  Amer.  Philos.  Soc,  18C9,  123. 

Mab. — In  rnpibus  irroratis  prope  Philadelphia. 

G.  scattered  in  a  mucous  stratum  composed  of  various  algse ;  cells  spherical,  or  oblong,  or  ovate, 
associated  together  in  families  of  from  2-8 ;  families  subglohose  or  subovate,  sometimes  aggre- 
gated together  iti  large  numbers ;  inner  tegument  yellowish -brown,  firm,  rarely  colorless,  homo- 
geneous or  lamellate ;  external  tegument  achromatic,  rarely  suba«hromatic,  generally  scarcely 
visible. 

HemarJcs, — This  species  was  found  in  a  rather  firm,  grumous  or  gelatinous  coat- 
ing of  a  light  brown  color,  growing  on  the  rocks  at  Fairmount  Water  "Works, 
chiefly  composed  of  a  very  minute  nostochaceous  plant,  but  contained  numerous 
other  algfe.  The  color  of  the  tegument  is  yellowish-brown,  sometimes  with  some 
red  in  it,  sometimes  with  something  of  a  greenish  tint.  This  inner  colored  coat 
is  not  generally  more  than  once  or  twice  lamellate,  often  it  is  not  at  all  so.  This 
species  seems  somewhat  allied  to  6.  siyopMla,  hut  differs  slightly  in  the  form  of 
the  cell,  and  more  especially  in  not  having  a  distinct  thallus,  and  in  the  families 
being  small  and  containing  but  few  cells. 

Fig.  7,  pi.  8,  represents  this  species,  magnified  750  diameters. 

Genus  C.FLOSPIIiERmM,  Njigeli. 


Thallus  parvus,  e  cellulis  minimis  in  familias  peripberieas  consociatis  vel  in  stratum  periphericum 
simples  et  in  muco  tegumcntis  celerrime  eonfluentibns  formato  nidulantibus  compositns.  Cellu- 
larum  divisio,  initio  generationum  serierOm,'  ia  omnem  fit  directionem,  turn  denique  alteruatim 
ad  superficiei  sphtericffi  utramque  directionem. 

Thallus  small,  composed  of  very  small  cells  consociated  into  peripheral  families,  or  in  a  simple 
peripheral  layer,  inclosed  in  their  quickly  confluent  teguments.  Division  of  the  cells  at  first  in  all 
directions,  afterwards  only  in  each  direction  on  the  surface  of  the  sphere. 

C.  dubiam,  Grun.  ? 

C.  thallo  microscopico,  snbgloboso  vel  enorme,  natante,  eongregato;  celiulis  globosis  ant  sub- 
globosis; cytioplasmate  pallrde  seragineo,  subtihter  granulato. 

Diam.—Ct\\.  plerumque  z-bW  =  -00016";  rare  j^Vs"  =  .00025";  fam.  T^^-g" ■*-"—"  = 

.00083"— .0033". 
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Hah. — In  aquls  stagius,  prope  Philadelphia. 

ThaUiis  microscopic,  suhglobose  or  incffilar  floating  aggregated  in  great  numbers ;  colls  glo- 
bose or  Bubglobose;  cjtiophsm  finely  granulate,  pale  *rugiuous  green. 

JiemarJcs. — I  found  this  bea^ltlful  little  plant  forming  a  dense  scum  on  a  stag- 
nant brick-poiid,  below  the  city,  in  the  month  of  July.  The  scum  was  of  the 
"color  of  pea-soup,"  and  so  thick  was  it,  that  I  think  a  quart  of  the  plants  might 
liave  been  readily  gathered.  The  fronds  were  of  various  sizes,  and  many  of  them 
were  apparently  undergoing  division — some  of  them  seemed  to  have  little  fronds 
in  their  interior.  They  were  composed  of  an  exceedingly  transparent  firm  jelly,  in 
which  the  cells  were  placed,  often  so  as  to  leave  the  central  parts  of  the  frond 
empty,  merely  forming  a  sort  of  filament-like  layer  around  the  edge.  Rarely  they 
were  in  such  numbers  as  to  be  crowded  together  over  the  whole  surface  of  the 
frond.  In  some  of  the  younger  fronds  the  cells  formed  a  little  ball  within  the  jeUy, 
instead  of  being  scattered  through  its  outer  portion.  I  have  seen  some  large  single 
cells  three  or  four  times  the  size  of  the  ordinary  frond  cell,  swimming  amongst  the 
plants,  of  which  they  are  apparently  the  reproductive  gonidia.  Their  cell-coats 
are  very  firm  and  thick.  The  fronds  themselves  are  often  closely  aggregated 
together  into  little  masses,  and  I  think  it  probable  that  there  is  a  state  of  the 
plant,  in  which  the  jelly  becomes  softened  and  the  fronds  more  or  less  fused  together 
in  protococcus-like  masses.  This  plant  appears  to  be  the  same  as  the  European  C 
duhium,  but  differs  from  'the  description,  in  the  fronds  not  attaining  to  anything 
like  the  size.  It  is  very  probable,  however,  that  this  depends  upon  age  or  circum- 
stances of  growth,  and  that  American  plants  may  be  found  as  large  as  the 
European. 

Genus  MERISMOPEDIA,  Meten. 

Cellulte  globosfe,  aut  oblongs,  aut  ovales,  tegumentia  confluentibus,  4,  8,  Ifi,  32,  64,  138  in  fami- 
lias  tabnlatas,  anistratas  consociatfe.  Tliallus  planus,  tenuis,  plus  minus  quadratus,  in  aqua  libcrc 
natans.     Cellularum  divisio  in  planitiei  utramqne  dircctioncm. 

Cells  globose,  oblong,  or  oval,  joined  together  by  their  conflaent  Coats  into  tabular  families  of  4, 
8,  16,  32,  64,  128.  Thallas,  a  more  or  less  quadrate  piano,  swimming  free  in  the  water.  Division 
of  the  cells  occurring  in  all  directions  in  the  one  plane. 

M.  nova,  Wood. 

M.  thallo  membraEacco,  distincte  llmitato,  cellulis  numerosissimis  composite;  eelldis  ovalibus, 
arete  approximatis,  IS  in  familias  consoeiatis,  dilute  csernleo-viridibaa,  interdum  medio  con- 
strictia;  th alii  margin ibns  recti s,  integris. 

8yn.~M.  nom,  Wood,  Prodromus,  Proc.  Amer.  Philos.  Soc,  1869,  123. 

Z>iam.— Cell.  ad.  j^Vs"  =  0.0025". 

Hab. — In  flnmine  Schuylkill,  prope  Philadelphia. 

ThaJlua  membranaceous,  distinctly  limited,  compoaed  of  very  numerous  cells;  cells  oval,  closely- 
approximated,  consociate  in  families  of  16,  light  bluish-green,  sometimes  constricted  in  the 
middle;  margin  of  the  thallus  straight  and  entire. 

Remarhs — The  only  specimens  I  have  over  seen  of  this  species  were  found  grow- 
ing in  the  Schuylkill  Itiver  adherent  to,  or  entangled  in,  a  lot  of  filamentous  alg^. 
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The  frond  is  very  sharply  defined,  and,  under  a  low  power,  is  of  a  uniform  bluish- 
green  tint.  The  cells  are  associated  in  primary  families  of  IG,  of  a  number  of 
which  the  thallus  is  composed.  The  species  appears  to  be  most  closely  alhcd  to 
M.  jnediterranea,  Nseg.,  from  which  it  differs  very  essentially  in  the  size  of  the  fronds, 
and  perhaps  even  more  closely  to  M.  glauca,  the  only  character  separating  it  from 
which  is  the  straight  margin.  I  have  myself  some  doubts  whether  it  ought  not  to 
be  considered  as  merely  a  form  of  M.  glauca. 

Fig.  8,  pi.  8,  represents  this  species,  magnified  400  diameters. 

in.  coiiToluta,  Beeb. 

M.  thallo  membranaceo,  oculis  nudis  visibill,  plus  minus  conToluto ;  familiis  e  eellulis  geiiiinis  et 
in  Bubfamilias  dispositis,  256  eompositia,  ictordum  familiis  daabus  in  familia  gemioa  coojunc- 
tia;  eellnHs  sphKricis  aut  oblongis;  cytioplasmatc  homogeneo,  viridi. 

iKani.— Cell.  jAs"  =  O.OOOIT" ;  fam.  loag.  ,Jb"  =  .06"  ;  lat,  5J5"  =  0.04". 

Sah. — In  aquia  quietis  prope  Philadelphia. 

Thallua  membranous,  visible  to  the  naked  eye,  more  or  less  folded;  families  composed  of  35(> 
geminate  cells,  arranged  in  subfamilies,  sometimes  two  of  these  families  conjoined  with  a  com- 
posite family;  cells  spherical  or  oblong;  cytioplasm  homogcneons,  green. 

Remarhs. — When  my  Prodromus  was  published,  the  only  specimens  of  this  plant 
which  I  had  seen  were  contained  in  a  mounted  slide  given  me  by  my  friend  Dr.  J. 
Gibbons  Hunt,  of  this  city.  Since  then  I  have  found  it  growing  in  a  very  shallow, 
quiet,  but  fresh,  sweet  pool  at  Spring  Mills,  making  a  distinct  green  layer  upon  the 
mud  many  feet  in  extent.  Of  course,  there  were  millions  of  specimens  in  this  layer. 
The  fronds  are  irregular  in  shape,  often  somewhat  ovate,  sometimes  subquadrate, 
variously  torn,  and  not  rarely  somewhat  lobate.  Their  edges  are  frequently  very 
sharply  defined  and  rendered  firm  and  prominent  by  several  rows  of  cells  being 
crowded  closely  together  along  them.  The  cells  in  the  body  of  the  frond  are  arranged 
in  large  parallel  ogrammatic  families,  composed  of  256  cells.  There  are  16  cells  on 
each  side,  the  families  being  parallelogrammatic  rather  than  square,  owing  to  the 
oblong  shape  of  the  cells.  This  cell  family  is  composed  of  four  subfamilies,  each 
containing  64  cells.  These  are  again  subdivisible  into  four  more  or  less  distinct 
groups  of  16  cells  each.  The  cells  are,  finally,  generally  closely  geminate,  each 
pair  being  very  distmctly  separated  from  its  neighbors.  In  certain  stages  of  growth, 
as  immediately  after  a  general  division  of  the  cells,  two  of  the  large  cell-families 
spoken  of  are  often  temporarily  joined  together  to  form  a  huge  family  of  512  cells, 
but  soon  separate  one  from  the  other. 

Oeder  iVeiuatog'enese. 

riantte  multicellularcs  vo!  pseudo-multi cell ul ares.  Cellulie  filum  (trichoma)  formantes  et  ple- 
rumque  vagina  tubulosa  homogeneavel  lamellosa  inclnsEC.     Trichomata  aut  Bimplieia  aut  ramificata. 

Plants  muUicellular  or  pseudo- multicellular.  Cells  forming  a  filament,  and  generally  included  in 
a  tubular  lameHate  or  homogeneous  sheath.     Filaments  either  simple  or  branched. 
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Fajiily  OSCILLARIACEiG. 

Tric'homata  simplicia  haud  vero  multicellularia,  sed  disUncte  articulata,  pleramque  vaginata,  mo- 
tionibus  Tariis  prsedita. 

Filaments  simple,  not  strictly  muHi cellular,  but  distinctly  articulate,  mostly  vaginate,  moving  in 
various  ways. 

Gemis  OSCILLAEIA,  Bosc. 

Tricliomata  simplicia,  plerumque  distincte  articulata,  rigida,  reete  vel  parum  eurvata,  rarius  eir- 
cinata  rol  spiraliter  convoluta,  plerumque  Isete  colorata,  raotu  triplici  pEedita,  in  muco  matricali 
nidulantia  vel  vaginula  tnbulosa  angustissima  utroqae  fine  aperta  inclusa ;  articuli  fronte  disciformes. 
(R.) 

Filaments  simple,  mostly  distinctly  articulate,  rigid,  straight,  or  somewhat  curved,  very  rarely 
circinate  or  spirally  convolute,  capable  of  three  motions,  floating  in  a  maternal  jelly,  and  shut  np 
in  a  fine  tubular  sheath,  open  at  both  ends ;  joints  from  the/ront  disciform. 

The  oscillaria  are  very  peculiar  plants,  which  flourish  almost  in  every  situation 
in  which  fresh  water  is  to  be  found.  The  purest  springs  are  not  always  free  from 
their  presence,  although  they  occur  most  abundantly  in  stagnant  pools  and  ditches, 
where  animal  or  vegetable  matters  are  undergoing  decay.  When  viewed  in  mass, 
floating  upon  some  foul  pool,  few  objects  in  the  vegetable  world  are  better  calcu- 
lated to  excite  disgust.  A  dark,  slimy  scnm  reeking  with  its  putrescent  surround- 
ings, they  seem  to  offer  nothing  of  pleasure  or  interest.  But,  when  brought  home 
to  the  table  of  the  microscopist  and  placed  beneath  his  object-glass,  they  startle 
the  observer  by  the  wonders  of  their  life-history.  Living  rods,  writhing,  twisting, 
bending,  curling,  creeping,  gliding  hither  and  thither ;  incessant,  apparently  cause- 
less, motion,  occurring  too  in  what  to  most  minds  is  the  very  type  of  fixity  and 
passivity — a  plant.     No  marvel,  then,  that  they  are  so  famous. 

The  structure  of  an  osciUatoria  is  about  as  simple  as  it  can  be.  An  outside 
colorless  cellulose  sheath,  which  is  probably  in  the  uninjured  filament  closed  at  the 
end,  although,  as  seen  by  the  microscope,  violence  and  age  have  often  torn  it  open. 
Within  is  a  long  rod  of  variously  colored  endochrome,  distinctly  articulated  by,  at 
great  or  less  intervals,  breaks  in  the  color,  which  appear  as  dark  lines  under  a  low 
power,  but,  under  a  higher  objective,  are  revealed  as  narrow  linear  portions  of 
protoplasm  lighter  and  more  transparent  than  the  rest.  Frequently  at  the  joints 
there  is  a  marked  tendency  to  separation  between  the  successive  ai'ticles,  and  a  very 
decided  contraction  of  the  endochrome  on  each  side,  so  as  to  leave  a  little  gutter, 
or  dividing  trench.  The  endochrome  is  sometimes  homogeneous,  sometimes  con- 
tains numerous  granules,  which  are,  however,  never  amyloid  in  their  nature. 

The  color  of  the  endochrome  varies  very  greatly  in  the  different  species.  Slate 
color,  blue,  greenish,  olivaceous,  are  among  the  most  common  hues.  According 
to  Dr.  Ferdinand  Cohn  (Botan.  Zeitung,  186T,  p.  38;  Sitzung,  13th  Dec.  1S66, 
der  Schlesischen  Gesellschaft  fur  vaterlandische  Cultur),  the  coloring  matter  of  the 
osciUatoria  consists  of  true  chlorophyll,  and  a  substance  which  he  calls  Phycocyan, 
but  which  he  states  to  be  different  from  Pliyhohyan  of  Kiitzing,  the  PkycJiochrom 
of  Ntegeli,  and  also  from  Pliycocyan  of  the  latter  authority.      The  chlorophyll  is, 


Hosted  by 


Google 


FRESH-WATEK   A  L  G  Ai]    OF   THE   UNITED   STATES.  17 

of  course,  soluble  in  ether  and  alcoJiol  but  not  in  water ;  but  the  Phycocyan  (Cohn) 
is  insoluble  In  alcohol  and  ether,  but  soluble  in  water  after  the  death  of  the  oscil- 
latoria.  It  is  precipitated  out  of  its  solution  by  acids,  alcohol,  and  metallic  salts, 
as  a  blue  jelly,  but  potash  and  ammonia  throw  it  down  as  in  a  colorless,  gelatinous 
mass.  I  have  myself  frequently  noticed  that  oscillatoria  after  death  will  yield  a 
bluish  coloring  matter  to  water,  but  thought  that  such  coloring  matter  was  the 
result  of  a  partial  decomposition,  and  I  think  that  Professor  Cohn  has  by  no  means 
established  as  a  fact  that  his  Phycocyan  exists  in  the  oscillatoria  during  life. 

As  to  the  method  of  reproduction  of  these  plants,  we  are  as  yet  almost  entirely 
in  the  dark.  Individuals  do  multiply  by  the  breaking  up  of  the  internal  eudo- 
chrome  into  masses  or  sections  through  a  separation  at  the  joints.  These  little 
masses  frequently  grow  immediately  into  new  individuals.  Sometimes,  however, 
they  roll  themselves  into  a  ball,  but  whether  they  then  have  the  power  of  coating 
themselves  with  a  protective  wall  and  passing  into  a  sort  of  resting  spore  or  not,  I 
cannot  say. 

The  specific  characters  of  the  oscillatoria  are  derived  from  the  color,  form,  mode, 
and  place  of  growth,  &c.,  of  the  large  common  mass,  its  thickness,  consistency, 
the  absence  or  presence  of  radii,  &e.  Descending  to  the  individual  filament,  the 
characters  arc  drawn  from  the  size,  the  color,  the  length  of  the  articulations,  and 
the  shape  of  the  uninjured  ends.  Thus,  it  is  to  be  noted,  whether  the  latter  are 
gradually  narrowed  (attenuated),  or  preserve  their  size  to  the  very  point,  whether 
tlicy  are  acutish  or  obtuse,  rounded  or  truncate,  whether  they  are  straight  or  con- 
stantly curled.  The  activity  and  modes  of  motion  are  also  to  be  remarked.  Some 
species  merely  glide  across  the  field  of  the  microscope,  some  are  constantly  curling 
and  uncurling  at  their  ends,  some  bending  to  and  fro  almost  like  a  pendulum,  some 
are  very  sluggish,  others  very  active  and  restless. 

After  all,  however,  it  must  be  confessed  that  the  specific  characters  are  very  un- 
satisfactory, much  more  so  than  in  any  other  phycochroms  which  I  have  studied. 

A  very  large  number  of  European  forms  have  been  described,  some  few  of  which 
I  have  been  able  to  recognize.  I  have  also  ventured  to  name  a  few  forms  appa- 
rently distinct,  but  have  refrained  from  going  farther  into  their  specific  study, 
because  I  have  found  it  so  unenticing,  and  my  time  has  been  so  limited. 

Professor  Bailey,  in  Silliman's  Journal,  N.  S.,  vol,  iii.,  states  that  he  has  identified 
a  few  species  of  this  family,  although  with  great  hesitation  and  doubt.  At  the 
time  he  wrote  there  were  really  no  known  grounds  upon  which  specific  unity  could 
be  predicated  in  these  plants,  and  I  therefore  think  that  his  identifications  are  of 
but  little  value,  although  holding  the  most  profound  respect  for  his  abilities  as  a 
iiaturalist.  The  list  he  gives  is  as  follows; — 
O.  tenuissima,  Ag.     "Warm  Springs  of  Washita. 

0.  tenuis,  Ag.  Providence,  Rhode  Island.  West  Point,  New  York.  Culpepper 
County,  Virginia. 

0.  decorticans,  Gener.     Common  everywhere  on  pumps,  &c. 
0.  miiscorum,  Ag.     West  Point,  New  York. 
0.  nigra,  Vanch.     West  Point,  New  York. 
0.  coHum,  Ag, 

3       February,  1873. 
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©.  clBloi"BMaj  KiiTziNG. 

0.  iaterdum  in  strato  sordide  viridi  nataote,  interdam  in  aqua  diffusa;  tricliomatibus  rectis, 
vivide  moventibus,  vei  articuiatis  et  cum  cytioplasmate  granulato,  vel  inarticiilatis  ai,  cum 
cytioplaamate  baud  gianulato;  ejtioplasmate  byaliao,  interdum  coloris  fero  oxpertibus, 
interdum  dilntissime  yiride;  apiculo  baud  attenuate,  obtuse  ro tun dato,  recto ;  articulis  dia- 
metro  subssqualibus. 

Dmm.— T^Vrt"— TFcW  =  .00014"— .0001". 

Bab. — ^In  stagnis  prope  Philadelphia. 

Sometimes  swimming  on  the  water  as  a  dirty-greenish  stratum,  sometimes  diffused  in  the  water; 
filaments  straight,  actively  moving,  either  articulated  and  having  the  cytioplasm  filled  with 
blackish  granules,  or  else  neither  articulate  nor  granulate,  cytioplasm  hyaline,  almost  colorless, 
or  with  a  faint  greenish  tint ;  ends  of  the  filaments  not  attenuate,  straight,  obtusoly  rounded ; 
joints  about  eqnal  to  the  diameter. 

Bemarks. — I  found  this  species  iii  the  month,  of  August,  1869,  in  one  of  the 
stagnant  brick-ponds  below  the  city.  It  occurred  as  a  sort  of  floating  scum,  or 
else  diffused  through  the  water,  which  was  then  opaque  and  greenish.  It  resembled 
so  a  protococcus  m  gross  appearance  that  I  did  not  think  of  its  being  an  osciUa- 
toria  until  I  placed  it  under  the  microscope.  The  filaments  are  almost  colorless, 
and,  in  most  instances,  are  very  distinctly  granulate  and  articulate.  The  dissepi- 
ments are  in  such  cases  clear  and  transparent,  perfectly  free  from  granules.  This 
form  is  very  close  to  the  descriptions  of  the  European  0.  chlmHna,  Ktz.,  but  differs 
somewhat  from  descriptions,  chiefly  in  habit  of  growth.  Th^  filaments,  when  in 
mass,  are  often  seen  to  be  curved  under  the  restrainitig  force  of  the  glass  cover, 
but  when  free  I  think  always  straighten  themselves. 

Fig.  1,  pi.  1,  represents  a  single  filament,  magnified  750  diameters. 

O.  Fvohlichii,  Ktz.  ? 

O.  strato  indelinito,  tenue,  viride ;  tricliomatibus  lajte  vtridibos,  subreetis,  vivide  oscillantlbus, 
ad  gcnicnla  nonnihil  pellucidis  et  leviter  contractis  et  rarissime  granulatis;  articulis  diametro 
2,3,4  plo  brevioribns  ;  eytioplasmate  obscure  aut  distinctc  mlnutissime  granulato  ;  apiculo 
baud  attenuato,  late  rotundato. 

mam.—sgW~T^W  =  0.00066"— 0.0004. 

Mob. — In  flumine  Scliuylkil!. 

Stratum  indeflaite,  tbin,  green  ;  filaments  bright  green,  siraightish,  vividly  oscillating,  some- 
what pellucid  at  the  joints,  where  they  are  slighUy  contracted  and  very  rarely  granulate ; 
articles  3,  3,  4  times  shorter  than  the  diameter,  cytiopl^m  obscurely  or  distinctly  very  mi- 
nutely granulate ;  apex  not  attenuate,  broadly  rounded. 


—I  found  this  species  growing  upon  the  bottoms  of  the  shallows  in  the 
Schuylkill  River  and  its  larger  tributaries,  forming  a  somewhat  badly  defined 
stratum,  rather,  indeed,  a  coating  on  the  mud  than  a  definite  stratum.  The  motion 
is  exceedingly  active,  the  filaments  bending  and  gliding,  and  their  apices  con- 
stantly curling  and  extending  in  all  directions.  The  apices  are  very  blunt.  The 
filaments  are  not  often  seen  woven  and  twisted  together  into  a  mass  composed 
simply  of  themselves,  but  are  stuck  together  loosel}',  each  filament  remaining 
straightish,  with  numerous  little  masses  of  mud  between  them.     I  have  not  been 
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able  to  identify  the  species  positively,  but  have  refen'ct^  it  with  doubt  to  0.  Froliii- 
cliii. 

Fig.  2,  pi.  1,  represents  the  end  of  a  filament. 

O.  ni^ra,  Vauch. 

O.  strato  plus  minus  compacto,  aniplo,  plerumque  aat ante,  atra-vi ride,  cnm  radiis  longia;  tvicho- 
matibus  plerumque  flexuosis;  apice  obtuse  rotundato  ;  articulis  diamctro  |  plo  bruyioriljus ; 
disaepimeatia  distincte  granulatis;  cytioplaamate  pallide  CKsio. 

Diam. — ^^Vji" — ?jiVjr"' 

Sah. — In  fossia  stagnia  prope  Philadelphia. 

Stratum  more  or  less  compact,  ample,  broad,  moatlj  floating,  blacki.sli -green,  with  long  radii ; 
filamcnta  moEtly  flesuous;  apices  obtusely  rounded;  joints  J  shorter  than  broad;  dissepi- 
ments distinetlj  granulate;  cytioplasm  pale-grayish. 

Remarks — This  species  is  found  in  thick,  rather  loose  strata,  floating,  especially 
when  old,  on  stagnant  waters,  or  adhering  to  plants,  &c,,  or  the  muddy  shores  and 
bottom  of  ditches,  foul  aquaria,  &c.  The  color  of  the  stratum  is  a  very  dark 
blackish-green,  with  a  peculiar,  glossy,  repulsive  appearance.  The  single  filaments 
are  of  a  pale-bluish  neutral  tint,  sometimes  a  little  greenish,  very  much  curved 
and  entangled,  or  more  rarely  straightish.  Their  motion  is  active.  The  measure- 
ments do  not  quite  equal  those  given  by  European  authorities,  but  otherwise  the 
plant  agi'ees  well  with  their  descriptions. 

Fig.  3a,  pi.  1,  represents  the  mass  of  the  plant  as  seen  with  the  naked  eye;  fig. 
36,  shows  a  number  of  filaments  slightly  magnified;  fig.  Ic,  a  broken  portion  of  a 
filament  magnified  260  diameters,  with  the  sheath  projecting  beyond  the  endo- 
chrome;  fig.  Id,  the  end  of  a  filament  still  more  highly  magnified. 

O.  liniosa,  Agardh. 

O.  trichomatibns  subrigidis  et  subrectis,  vivide  oscillanlibus,  cEeruleo-viridibus,  in  stratum  raueo- 
Rum  tete  saturate  viride  et  modice  loage  radians  et  natans  coUeetis  et  intertoxtis,  distincte 
artieulatis ;  articalis  diametro  subaeqnalibua,  interdnm  duplo  brevioribus  (post  divisionem), 
ad  genieula  distincte  conetrictis;  dissepimentis  baud  granulatis;  apienlo  obtaso,  baud  atten- 
wato,  interdum  recto,  interdum  cuvvato  ;  cytioplasmate  granulate. 

Diam. — gcVc" 

Bab. — In  atagnis  prope  Camden,  New  Jersey. 

Pilamenta  straightish  and  somewhat  rigid,  vividly  oscillating,  bluish-green,  interwoven  into  a 

bluish-green,  floating  stratum,  with  moderately  long  radii,  distinctly  articulate;  articles  about 

equal  to  the  diameter,  or  after  division  one-half  shorter,  at  the  joints  distinctly  constricted  ; 

dissepiments  not  granulate;  apices  obtuse,  not  attenuate,  sometimes   straight,  sometimes 

curved ;  cytioplasm  granulate. 

Remarlcs.' — I  have  found  this  species  floating  on  foul  ditches  near  Kaighn's 
Point,  N"ew  Jersey,  in  the  month  of  May.  The  color  of  the  stratum  is  a  very  pure 
deep-green;  the  single  filaments  vary  from  a  rather  bright  deep-green  to  apale  blue- 
green,  according  to  the  power  under  which  they  arc  seen.  The  apices  are  not  at  all 
attenuate.  The  constriction  at  the  articles  is  scarcely  visible  with  a  lower  power  than 
Jth.     The  stratum  is  rather  thin,  with  a  good  deal  of  dirt  adhering  to  its  bottom. 
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When  grown  in  a  bottle,  the  plant  appears  ^s  a  very  thin  stratum  growing  up  the 
sides.  The  agreement  of  this  plant  with  the  descriptions  of  the  European  0.  limosa 
is  very  close,  so  that  I  do  not  think  it  can  be  separated  from  it,  although  in  0. 
limosa  the  dissepiments  are  said  to  be  distinctly  granular. 

Fig.  4,  pi.  1,  represents  a  filament  of  the  American  plant  magnified  1250  dia- 
meters. The  color  and  form  are  closely  counterfeited,  but  the  characteristic  sepa- 
ration of  the  endochrome  into  parts  at  the  joints  is  decidedly  exaggerated, 

O.  neg'lecta,  Wood. 

0.  trichomatibus  modiee  brevibus,  aut  dilute  purporaceo  pluinbeia  aut  plumbeo-ci nereis,  pler- 
umque  rectis,  aut  stratum  mucosum  atro-pur]  ureu  u  1  and  listincte  radiante  forraantibas,  aut 
in  strato  gelatinoao  baud  radiante  subplurabe  1  spers  s  et  cum  algis  allis  intermistis,  rare 
oscillantibus  sed  lente  sese  moventibus ;  art  cul  s  d  ametro  fere  4  plo  brerioribus ;  dissepi- 
inentis  plerumque  baud  granulosis,  rare  ud  st  n  te  granulosis ;  apiculo  obtase  rotundato, 
iaterdum  breviter  nonniLil  attenuato. 

Syn. — 0.  negleeta.  Wood,  Prodromus,  Proc.  Amer.  Philos.  Soc,  1869,  124. 

Uiam.— yg'as"  =-00G6. 

Sab. — In  stagnia  prope  Philadelphia. 

FiJameuts  rather  short,  of  a  dilute  purpliah-Iead  color,  or  leaden -gray,  generally  straight,  either 
forming  a  mucous,  blackish-purple  stratum  wilhont  marked  rays,  or  diffused  with  other  algsa 
in  a  gelatinous  mass,  rarely  oscillating  but  gliding ;  articles  about  four  times  shorter  than 
broad;  joints  for  the  most  part  not  graDulatc,  rarely  iudlstlnetly  granulate ;  ends  obtusely 
rounded,  occasionally  short,  somewhat  attenuate. 

BemarTcs. — I  have  found  this  plant  in  the  shallow  ditches  along  the  track  of  the 
Norristown  Railroad  above  Manayunk,  growing  in  two  different  ways.  In  the  one 
it  forms  a  distinct,  soft,  gelatinous,  floating  stratum  of  a  very  dark  purplish  color, 
consisting  of  nothing  but  interwoven  filaments,  and  provided  with  long  rays.  In 
the  other,  the  plant  is  largely  mixed  with  diatoms  and  other  algEe  into  a  thick, 
gelatinous  stratum  without  rays,  whose  color  is  a  dirty  slaty  tint,  which,  however, 
is  not  all  distinctive,  and  often  varies  as  the  proportion  of  the  different  constituents 
varies.  The  color  of  the  single  filaments  is  a  slaty,  almost  neutral  tint.  The 
cytioplasm  is  remarkable  for  the  numerous  very  minute  spots  more  transparent  and 
with  less  color  than  the  surrounding  parts.  The  ends  of  the  filaments  are  often 
abruptly  obtuse,  frequently  however  there  is  a  very  short  taper.  Motion  docs  not 
appear  to  be  very  active,  and  seems  especially  to  be  gliding,  rather  than  a  bend- 
ing to  and  fro  of  filaments. 

Fig.  5a,  pi.  3,  is  an  outline  drawing  of  a  filament  magnified  450  diameters;  56 
is  a  portion  of  a  filament. 

O.  iniperatop,  Wood. 

0.  in  strato  mncoso,  plerumque  natante,  olivaceo-atro,  longe  radiante ;  trichomatibus  rectis  aut 
suhrectis,  tranquillis,  dilute  viridibus  rel  saturate  olivaceis,  liaud  oscillantibus,  sed  arabulan- 
tibus;  apicalis  nonnihil  attennatia,  late  rotandatis  vel  subtrnneatis,  cnrvatis  ;  articnlis  diame- 
tro  5-12  plo  brevioribus,  ad  genicula  indistiucte  contractis;  cytioplasmatfl  homogeneo, 
olivaceo-vinde ;  vaginis  firmia,  ad  genicula  distincte  transverse  striatis. 

Syn. — 0.  impcj-oior^  Wood,  Prodromus,  Proc.  Amer.  Philos.  Soc,  1869,  124. 

i)tam.— .002". 
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Hob. — In  stagnis  propc  Pliiladelpliia. 

0.  occurring  in  an  olive-black;  mucous  stratum,  mostly  swimming  and  with  long  rays ;  filaments 
straight  or  straightish,  light-green  or  deep-olive,  tranquil,  not  oscillating,  but  moving  with  a 
gliding  motion ;  ends  somewhat  attenuate,  broadly  rounded  or  subtnincate,  curved ;  articles 
5-12  times  shorter  than  broad,  slightly  contracted  at  the  joints;  eytioplasm  hoaiogeueous, 
olive-green ;  sheaths  firm,  distinctly  transversely  grooved  at  the  joints. 

Remarks.— 1)iG  strala  of  this  species  are  often  of  great  extent,  and  resemble 
more  masses  of  spirogyra  than  of  the  ordinary  oscillatoria.  They  are  very  loose  in 
texture  and  are  very  slimy,  whilst  their  edges  are  fringed  by  the  long  tranquil 
rays.  In  certain  conditions  of  growth,  the  endochrome  of  the  filaments  is  so  dense 
as  to  render  them  very  opaque  and  the  articulations  very  obscure.  The  sheaths 
when  emptied  show  the  marks  of  the  joints  very  distinctly ;  but,  at  times,  when 
gorged  with  eytioplasm,  scarcely  can  the  sheath  itself  be  seen.  The  color  of  the 
filament  is  also  afi'ected  by  the  state  of  the  protoplasm,  so  that  it  varies  from  a 
lightish-green  with  an  olive  tint  to  a  very  decided  dark  olive.  This  species  seems 
to  be  closely  allied  to  the  European  0.  princeps,  from  which,  however,  it  differs  in 
its  motion,  which  is  always  very  slow  and  merely  gliding,  its  color,  the  distance  of 
the  dissepiments,  and  the  much  longer  curvature  of  the  ends.  It  grows  everywhere 
in  the  ditches  around  the  city ;  when  mature,  generally  floating  upon  tlie  surface 
with  an  adherent  under-stratum  of  dirt,  but,  in  its  earlier  history,  often  adhering 
to  the  bottom. 

Fig.  6a,  pi.  1,  is  a  drawing  of  the  end  of  a  filament;  fig.  65,  represents  a  small 
fragment  of  a  filament,  showing  the  tendency  to  take  a  roundish  or  barrel  shape; 
much  of  the  endochrome  has  been  squeezed  out  by  the  injury  which  has  broken 
the  filaments. 

Genus  CHTHONOBLASTUS,  Ktz. 

Phormidii  trlehomata  faseiatim  congesta  et  vagina  communi  mucosa  apice  clauaa  vel  aperta  inclusa. 
Tales  fasciculi  numerosi  in  stratum  (qnasi  thallnm)  gelatinosum,  passim  amoso-divisura  aggregate 
Vagina?  communes  achromaticfe,  sfepe  lamellosie,  plus  minus  arapliatse,  rarius  iudistinctfe  efc  subnullse, 
evacuatte,  plerunique  valde  intumescentcs.  Trichomata  Phormidii  modo  oscillantia,  articulata  et 
vagioata,  rigida,  recta  vel  parum  cnrvula,  in  fasciculos  funiformes  plus  minus  dense  contorta,  apice 
solnta  et  divaricata.     Cellulas  propagatorias  observare  mihi  contigit.  (R.) 

Filaments  fasciately  placed  together  and  included  in  a  common  mucous  sheath  with  open  or  shut 
apex.  A  number  of  these  fasciculi  aggregated  in  a  gelatinous  stratum  (pseudothallus),  which  is 
geiatinous,  and  here  and  there  ramosely  divaricate.  Common  sheath  colorless,  often  lamellate,  more 
or  less  enlarged,  rarely  indistinct  and  nearly  wanting,  when  empty  mostly  markedly  intumescent. 
Filaments  oscillating  like  to  those  of  Phormidium,  articulate  and  vaginato,  rigid,  straight,  or  a  little 
curved,  more  or  less  densely  entangled  into  cord-like  fasciculi,  with  the  apex  dissolved  and  dis- 
severed. 

Ch.  rcpens,  Ktz. 

Ch.  terrestris,  strato  plus  minus  expanso,  saturate  ffirugineo-ehalybeo  aut  olivaceo-fusccscente, 
mucoso-membranaceo ;  trichomatibus  Eequalibua  in  fasciculos  filiformes,  saspo  valde  elon- 
gatos,  e  vaginte  communis  apertura  penicillatim  exsertoa  congestis ;  articulis  diaraetro  Eequali- 
bus  disscpimentis  granulatis,  apiculo  obtuse  recto.     (R.) 

Species,  mihi  ignota. 
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Hah. — Common  on  damp  earth.  West  Point,  New  York ;  Bingliam,  Massachusetts ;  Provi- 
dence, Rhode  Island;  Daily,  Siiliman's  Journ.,  N.  S.,  vol.  iii. 

Terrestrial,  stratum  more  or  less  expanded,  deep  ffiruginous  chalybeate,  or  olivaceous  fascons, 
mucous  membranaceous;  filaments  equal,  in  filiform  fasciculi,  which  are  often  much  elongate 
and  penicillately  esserted  from  the  open  common  sheath  ;  joints  as  long  as  broad,  the  dissepi- 
ments granulate ;  the  apex  obtuse,  straight. 

Genus  LYNGBYA,  Agardh. 

Trichomata  inarticulata  vel  breve  artieulata,  cellulis  perdurantibus  instructa.  Taginaj  saspc  colo- 
ratffi,  crassce,  SEepe  lam  ell  on  ee. 

Filaments  Dot  articulate,  or  shortly  so,  furnished  with  heteroeysts.  Sheaths  often  colored,  thick, 
often  lamellate. 

"I.,  muralis,  Ag. 

Filaments  somewhat  rigid,  thickish,  tortuous,  very  long,  interwoven  in  a  bright,  grass-green 
stratum ;  annuli  strongly  defined.  Ag.  Sjst.,  p.  74  ;  Jlara.  Man.  Ed.,  p.  IGO ;  Conf.  mvralis. 
Dillw.,  tab.  7,  E.  Bot.  t.  1554.  p.  aquatica. 

Bah. — Tar.  /J.  in  pools  of  fresh  water,  WhaJefibh  Islan  1   Davis  Straits    Dr.  Lyall. 

The  specimens  are  mixed  with  turfy  soil  Except  in  the  submerged  habitat,  this  agrees  with 
the  ordinary  form.  Intermixed  with  threads  of  tl  e  usual  size  and  structure  are  others 
cohering  in  pairs,  as  in  L.  eopulalo  Harv  which  is  obviously  only  a  state  of  this  widely 
dispersed  species.  I  have  not  roceired  tpeeimen->  of  the  ord  niry  i  muralis  from  America ; 
but  no  doubt  it  is  common  on  damp  walls   &,c    as  in  Europe  g  ntially." 

I  have  nevei  identified  this  species  and  hi'te  simply  copied  Harvey's  account 
of  it  from  the  Nereis  Boreali  Ameiicim  pt  III  p    104 

I*,  bicolor,  Wood. 

L.  trichomatibus  simplicibus,  in  etespitcs  nigro-virides  vel  cferuleo-virides  dense  intrieatis,  varie 
curvatis,  plerumque  iHarticulatis,  interdum  breviter  artieulatis  et  ad  genicula  contractis;  cytio- 
plasmate  dilute  eteruleo-viride,  plerumque  copioso  granulato,  saipe  interrupto ;  cellulis  perdu- 
rantihas  cylindricis,  ssepe  eiongatis,  saturate  brunnejs,  sparsissimis;  vaginis  firmis,  achrois,  in 
trichomata  matura  mod  ice  crassis. 

Syn. — L.  bicolor,  Wood,  Prodromns,  Free.  Amer.  Philos.  Soc,  1809,  124. 

Hah. — In  flumine  Schuylkill  prope  Philadelphia, 

L.  with  the  filaments  closely  interwoven  into  a  blackish  or  bluish-green  mat ;  filaments  variously 
curved,  simple,  mostly  inarticulate,  sometimes  shortly  articulate  with  the  joints  contracted; 
endoehrome  light  bluish-green,  mostly  very  granulate,  often  interrupted;  Leterocysts  cylin- 
drical, often  elongate,  deep  brown,  very  few;  sheaths  firm,  transparent,  in  old  filaments 
moderately  thick. 

Bemarks. — This  species  is  abundant  in  the  shallow  water  of  the  Schuylkill 
Eiver,  near  Spring  Mills,  where  it  forms  dark  waving  tufts  a  half  inch  or  more  in 
height,  which  are  adherent  either  to  the  bottom  of  the  stream  or  to  some  firm  sup- 
port, such  as  large  growing  plants,  sticks  fixed  in  the  mud,  &c.  When  examined 
with  the  microscope,  these  tufts  are  seen  to  be  composed  of  innumerable,  very  long, 
motionless,  greatly  curved  filaments.  They  do  not  seem  to  be  attached  to  their 
support,  but  in  the  denser  parts  are  woven  into  a  very  thick  mat,  which  apparently 
adheres  en  masse  to  the  fixed  body.     These  filaments  are  very  rarely  articulate. 
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but,  when  they  are,  the  joints  are  shorter  than  broad.  The  endochrome  is  mostly- 
very  granulate ;  sometimes,  however,  it  is  much  more  homogeneous.  The  sheaths 
in  the  old  filaments  are  rather  thick,  and  frequently  partially  empty ;  the  exterior 
of  such  sheaths  has  often  a  rough,  ragged  look.  The  larger  cells  are  very  few  in 
number.  They  are  elongated  cylinders  with  concave  ends.  I  have  found  this  plant 
in  the  Schuylkill  River,  just  above  Fairmount  dam,  in  a  younger  state,  and  appa- 
rently without  hctcrocysts.  The  threads  near  their  ends  had  their  endochrome 
distinctly  articulate,  like  an  oscillatoria,  but  elsewhere  the  protoplasm  was  continu- 
ous. It  often  contains  numerous  large  granules  resembling  minute  starch  grains, 
wliich  however  fail  to  exhibit  the  reaction  with  iodine. 

Fig.  7,  a,  pi.  1,  represents  a  portion  of  the  filament  slightly  magnified;  fig,  7,  &,  a 
heterocyst  from  the  same  specimen  more  magnified ;  fig.  7,  c  and  d,  arc  drawings  from 
another  specimen  from  the  same  locality,  each  magnified  800  diameters ;  fig.  8, 
pi.  1,  represents  the  form  alluded  to  in  the  text  as  having  been  found  in  the 
Schuylkill  lliver  just  above  the  dam. 

Family  NOSTOCHACE^. 

Tricbomata  simplicia,  e  eellulis  distinctis  coniposita,  interdura  vaginata,  articulata,  in  gelatina 
immersa,  eellulis  perdurantibus,  et  interdum  sporis  porro  instructa. 

Filaments  simple,  coi»posed  of  distinct  cells,  sometimes  vaginate,  imbedded  in  jelly;  furnished 
with  heterocysts  and  sometimes  with  spores  also. 

liemarhs. — The  nostochaccse  are  plants  of  simple  construction,  consisting  of  a 
more  or  less  firm  jelly  in  which  are  imbedded  serpentine  filaments,  composed  of 
numerous  cells.  These  cells  are  mostly  more  or  less  globose,  especially  in  the  true 
nostocs,  so  that  the  filament  has  a  moniliform  aspect.  They  have  not  distinct  walls, 
or  at  least  any  that  can  be  distinctly  seen  by  ordinary  powers  of  the  microscope, 
and  are  sometimes  closely  connected,  sometimes  rather  widely  separated.  No 
nuclei  are  usually  discernible ;  I  have,  however,  seen  in  some  instances  central 
spots,  which  were  possibly  of  that  nature.  The  filaments  themselves  are  of  varioiis 
length,  almost  always  tortuous,  sometimes  widely  separated,  sometimes  closely  in- 
terwoven. The  gelatinous  portions  of  the  fronds  are  of  various  consistence — some- 
times semifluid,  sometimes  very  firm,  almost  cartilaginous. 

The  order  is  divisible  into  two  families— the  Nostocs  proper  and  the  Spermosireo}. 

In  the  former,  the  outer  portion  of  the  frond  is  condensed  and  firm,  forming  a 
sort  of  outer  coat  or  epidermis,  which  is  sometimes  quite  distinct,  but  in  other 
instances  can  scarcely  be  said  to  exist. 

In  the  filaments  of  a  true  nostoc  are  placed  at  irregular  intervals  cells,  which 
are  mostly  larger  than  the  others,  and  have  thick,  distinct  walls.  These  cells  con- 
tain very  little  or  no  chlorophyllous  protoplasm.  They  are  often,  but  by  no  means 
always,  provided  with  numerous  exceedingly  attenuated,  hair-like  processes,  or 
quiescent  cilia.  These  bodies  were  supposed  by  Kutzing  to  have  some  sexual 
value,  and  received  from  him  the  name  of  Spermatia.  But,  as  their  functions  are 
entirely  unknown,  the  name  of  hcterocysts,  first  applied  by  M,  AUman,  is  prefera- 
ble.    They  are  the  "connecting* cells"  of  Thwaites.     No  one  has  as  yet  demon- 
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strated  the  existence  of  anything  indicating  sexuality  in  the  nostocs  proper,  or 
shown  any  body  at  all  worthy  to  be  looked  upon  as  a  spore. 

Their  ordinary  method  of  reproduction  is  simply  a  slight  modification  of  that  of 
growth.  If  a  fragment  of  an  actively  growing  nostoc  is  placed  under  the  micro- 
scope, the  filaments  of  it  are  seen  to  be  irregular  and  distorted,  thicker  in  one 
place  than  another,  the  cells  misshapen,  and  sometimes  apparently  lumped  and 
fused  together.  The  formation  of  new  filaments  is  taking  place  in  such  cases  by 
the  simidtaneous  growth  and  longitudinal  segmentation  of  the  cells  of  the  old,  and 
this  may  occur  through  the  whole  or  in  only  a  portion  of  the  length  of  the  latter. 
(PI.  2,  fig.  10.) 

The  filament  of  a  nostoc  is,  in  other  words,  capable  of  a  double  growth  or  de- 
velopment, the  result  in  one  instance  being  increase  in  its  length,  in  the  other  the 
production  of  a  new  form  like  itself  Tlie  first  of  these  is  brought  about  by  a 
transverse  division  of  the  cells,  so  that  out  of  each  single  cell  two  arc  formed, 
placed  end  to  end,  each  daughter-cell  at  first  only  half  the  size  of  their  parent,  but 
soon  attaining  to  its  full  stature.  In  the  other  case  great  increase  in  the  size  of 
the  cell  occurs  almost  consentaneously  with  a  longitudinal  or  lateral  segmentation, 
the  cell  dividing  in  the  direction  of  its  length,  instead  of  transversely,  so  as  to  form 
two  cells  lying  side  by  side  instead  of  end  to  end.  The  misshapen  filaments  alluded 
to  simply  represent  difi'erent  stages  of  this  change,  which  goes  on  until  two  perfect 
filaments  lie  side  by  side,  to  be  finally  more  or  less  widely  separated  by  the  jelly 
which  they  secrete  around  themselves. 

This  process  of  growth  continues  until  the  plant  has  arrived  at  its  mature  size, 
when  it  ceases.  During  this  time  the  inner  portion  of  the  frond  has  been  be- 
coming more  and  more  liquid,  and  finally  the  outer  epidermis  bursts  and  the 
thoroughly  softened  inner  portion  is  discharged.  In  this  way,  innumerable  filaments 
are  set  free,  which  are  endowed  with  a  power  of  motion  similar  to,  but  much  less 
active  than,  the  gliding  of  the  oscillatoria,  by  means  of  which  they  are  diffused  in 
the  water.  Scattered  iu_  this  way,  carried  hither  and  thither  by  currents,  each 
minute  thread,  fixing  itself  to  some  object,  at  last  becomes  the  centre  from  which 
a  new  plant  is  formed  in  a  manner  similar  to  that  already  described. 

In  the  second  division  of  the  NmtocJiacem,  the  jelly  is  always  much  less  firm 
than  in  the  true  nostocs,  and  is  not  condensed  in  the  outer  portions.  The  fronds 
are  therefore  soft,  almost  diffluent,  and  entirely  shapeless.  The  filaments  them- 
selves also  differ  from  those  of  the  true  nostocs.  There  are  no  fixed  differences 
in  the  vegetable  cells  or  heterocysts,  however,  although  the  former  are  apt  to  be- 
come more  cylindrical  and  the  filament  consequently  less  moniliform.  It  is  espe- 
cially in  the  possession  of  distinct  reproductive  sporangial  cells  that  the  differences 
are  to  be  found.  These  are  much  larger  than  the  ordinary  cells,  from  which,  in 
their  first  appearance,  they  are  not  distinguishable ;  but,  when  the  frond  has  attained 
a  certain  age,  the  spore-cells  begin  to  enlarge  both  in  diameter  and  length,  and 
finally  assume  a  form  and  size  apparently  fixed  within  narrow  bounds  for  each 
species,  and  surround  themselves  with  distinct,  often  quite  thick  coats.  It  is  very 
possible  that  the  production  of  new  individuals  may  take  place  by  a  detachment  of 
portions  of  the  fronli  and  subsequent  growth,  as  described  in  the  Nostocs  proper. 
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but  increase  of  the  species  does  certainly  occur  by  means  of  these  so-called  spores. 
The  growth  of  the  plant  takes  place  in  the  same  way  as  in  the  true  nostocs. 
The  filaments  increase  in  length  by  transverse  division  and  consequent  multiplica- 
tion of  the  cells,  whilst  new  filaments  are  formed  by  the  consentaneous  longitudinal 
division  of  all  the  cells  of  a  filament. 

The  spores  of  a  Cylindrospennvm  have  the  power  of  germinating  after  prolonged 
desiccation,  they  having  been  successfully  cultivated  even  from  specimens  long 
preserved  in  the  herbarium.  Their  development  has  been  carefully  and  success- 
fully studied  by  M.  Thuret,  According  to  this  authority  the  first  change  consists 
in  an  elongation  of  the  spore,  which  ruptures  the  wall  of  the  sporangium,  pushing 
a  portion  of  it  before  it.  Directly  after  this  the  spore  undergoes  division,  so  that 
out  of  it  is  formed  a  little  torulose  filament,  composed  of  four  or  five  cells.  Growth 
takes  place  at  both  ends,  but  more  rapidly  at  the  free  one.  The  new  cells  formed 
are  smaller  than  those  which  arise  directly  from  the  spore,  hut,  finally,  all  the  arti- 
cles assimilate.  The  wall  of  the  sporangium  remains  attached  for  a  long  time  to 
the  end  of  the  filament  forming  a  little  cap  to  it.  The  heterocysts,  according  to 
Thuret,  at  first  are  indistinguishable  from  the  ordinary  cells,  but  after  awhile  the 
granules  in  them  begin  to  disappear,  the  color  to  pale,  the  outer  wall  to  become 
apparent  and  grow  thicker,  until  at  last  a  perfect  "  connecting  cell"  is  educed. 
I  have,  myself,  carefully  watched  the  early  development  of  the  spores  of  a  cylin- 
drospcrmum,  and  can  confirm,  in  all  essential  particulars,  the  description  Thuret 
has  given  of  the  process.  Fig.  10,  pi.  2,  represents  a  partially  formed  filament, 
to  which  the  empty  sporangium  is  still  attached. 

As  no  sexual  reproduction  has  as  yet  been  shown  to  exist  among  the  Nostocha- 
C€(JE,  it  is  very  evident  that  their  whole  life-history  is  not  comprised  within  the 
changes  which  have  been  detailed.  It  has  long  been  known  that  the  gonidia  of 
many  lichens  have  the  power  of  independent  existence,  i.e.  that  when  they  are 
discharged  from  their  thaUus  they  can  continue  to  live  and  multiply,  if  circum- 
stances favor  them,  without  giving  origin  to  a  new  thallus.  This,  and  the  great 
similarity  of  structure  between  the  nostocs  and  the  lichen  genus  Collema,  has 
suggested  a  possibly  close  relation  between  the  two.  The  first  observer,  I  believe, 
who  asserted  that  they  were  difi'erent  stages  of  the  same  plant  was  Dr.  Hermann 
Itzigsohn. 

His  observations  are,  however,  rendered  of  so  little  value  by  his  own  statements 
that  it  is  not  necessary  to  review  them  here.  Thus,  he  says,  that  after  seven  years' 
observation  he  had  yet  to  see  a  true  one  called  algse,  that  the  Desmidice  are,  at 
least,  two-celled,  &c.  &c.  The  most  weighty  observations  upon  this  subject  are 
those  of  Professor  Julius  Sachs  and  of  J.  Baranetzky — the  former  published  in  the 
Boimiische  Zeitung  for  1355,  the  other  in  the  Bulletin  of  the  St.  Petersburg 
Academy  for  1867. 

Professor  Sachs  states  that  he  watched  a  whole  bed  of  Nostoc  commune  deve- 
loping into  Collema  hulbosiim.  He  says  that  the  peculiar  Collemoid  threads  first 
appeared  as  little  lateral  offshoots  or  prolongations  from  the  cells  of  the  nostoc 
filament,  and  rapidly  developed  into  well-formed  collemoid  filaments.  Every 
possible  stage  from  the  typical  hostoc  to  the  typical  collema  was  seen  repeatedly. 

4         Fabruar7. 1673. 
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The  development  of  the  distinguishing  threads  of  the  collema  out  of  the  ordinary 
nostoc-cell  has  never  been  confinned  by  any  other  observer ;  but  it  seems  to  me 
that  it  must  be  at  least  provisionally  accepted,  although  De  Bary  expresses  some 
doubt  of  it.  (^Morpjiol.  und  Physiol,  der  P'dze,  Fleckten,  &c.,  p.  290.) 

The  researches  of  M.  Baranetzky  were  directed  to  the  developing  of  a  nostoc 
out  of  a  collema.  Hicks  and  other  observers  had  previously  stated  that  they  had 
seen  this,  but  none  of  them  had  given  sufficient  details  as  to  the  method  of  their 
observations,  to  be  fully  convincing. 

M.  Baranetzky  placed  sections  of  actively  growing  fronds  of  Collema  ptdposum, 
Ach,  upon  smooth,  damp  earth,  using  all  proper  precautions  to  prevent  external 
influence.  After  some  days  the  sections  became  less  transparent  and  intensely  green 
from  the  crowding  of  the  gonidia,  which  were  now  arranged  in  curved  rows  closely 
rolled  together  into  balls.  Upon  the  upper  surface  of  the  section  appeared  little 
gelatinous  balls  or  warts,  which  contained  gonidia  in  rows,  and  gradually  developed 
typical  nostoc  forms,  whilst  on  the  edges  of  the  sections  appeared  little  colorless 
wart^like  masses  of  jelly,  in  which,  after  some  time,  appeared  gonidia,  some  of 
which  developed  into  the  typical  nostoc  form,  others  into  true  coUemoid  plants. 

Mr.  Baranetzky  further  states  that  he  watched  the  body  of  the  section  gradually 
change  by  the  continual  growth  and  increase  of  the  rows  of  gonidia,  before  alluded 
to,  and  by  the  disappearance  of  the  collemoid  threads,  until  at  last  the  whole 
mass  of  the  tissue  of  the  lichen  had  been  converted  into  a  true  nostoc,  which  was 
finally  identified  as  Nostoc  vesicarium,  D.  C.^ 

I  have  no  observations  of  my  own  to  offer  upon  this  subject;  but  think  enough 
has  been  done  to  show  not  only  that  the  nostocs  proper  have  very  close  relations 
with  the  collemoid  lichens,  but  that  they  are  probably  a  peculiar  phase  in  their 
life-history.  This  being  the  case,  it  may  seem  a  perfectly  superfluous  work  to 
indicate  species  amongst  the  nostocs.  To  any  one  who  has  given  much  study  to 
the  fresh-water  algae,  the  reply  to  this  will  immediately  suggest  itself;  namely,  that 
in  the  present  state  of  the  science  it  seems  impossible  to  avoid  it;  they  are  so 
commonly  thrust  at  one  by  collectors,  amateurs,  &c.,  are  so  distinct,  are  so  often 
the  subject  of  tongue  and  pen,  that  they  must  have  a  name.  The  idea  that  at- 
taches to  the  term  species  is  at  present  not  a  very  definite  one;  that  there  are, 
however,  amongst  the  nostocs  fixed  forms,  which  do  not  change  into  one  another, 
and  can  readily  be  distinguished,  I  have  no  doubt.  Such  forms  are  herein  de- 
scribed. If  they  be  only  life  stages  of  lichens,  I  have  no  doubt  that  it  will  finally 
be  found  that  each  so-called  species  of  nostoc  has  its  own  peculiar  so-called  species 
of  lichen,  from  which  it  alone  springs,  and  into  which  alone  it  can  develop.  It 
seems  to  me,  then,  that  as  yet  no  cause  for  abandoning  the  specific  names  of  the 

*  In  order  to  aid  anj  one  desirous  of  going  over  this  subject  more  tboronghly,  a  list  of  papers  is 
appended : — 

Ventenab  und  Cassini  Opuscula  Phytolog.,  1817,  vol.  ii.  p.  361. 

Dr.  Hermann  Itzigsohn.     Botanlsche  Zeitung,  1854,  p.  521. 

Prof.  Julius  Sachs.     Botanische  Zeitung,  1855,  p.  1. 

Bayrhoffer.     Botanische  ^eitung,  1851. 

Hicks.     Journal  of  Microscopical  Science,  1861,  p.  90. 

Baranetzky.     Bulletin  de  la  Societe  des  Sciences  Nat.,  St.  Petersburg,  toI.  xii.  p.  418, 
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nostocs  has  been  shown,  but  only  reason  to  study  also  their  relations  with  the  vari- 
ous coUenia, 

In  regard  to  the  SpermosirecE,  there  is  as  yet  no  direct  proof  whatever  connect- 
ing them  with  lichens.  It  is  very  possible  that  they  are  not  so  closely  related  to 
the  true  nostocs  as  is  generally  believed,  so  that  the  probabilities  of  their  being 
lichens  are  at  present  so  remote,  that  for  the  systematist  to  refuse  to  take  note  of 
their  distinct  forms,  seems  to  me  most  unwarrantable. 

SuBFAMiLT  NOSTOCEiE. 
Thallus  peridermate  plus  minus  distincto  instructus,  sporis  desUtutus. 
Thallus  provided  with  a  more  or  less  distinct  integument,  and  destitute  of  spores. 

Genus  NOSTOC,  Vaucheh,  (1803.) 
Thallus  gelatinosus,  varie  coloratus,  aut  globosus  vel  subglobosus  ant  foiiaceo-membranaceus  et 
irregulariter  expansns,  etepe  bullatus.     Trichomata  plus  minus  moniiiformia.     Cellnlse  perdurantea 
exacte  sphsericte  vel  rare  oblongse. 

Thallus  gelatinous,  variously  colored,  either  globose  or  subglobose,  or  foliaceousSy  membranons 
and  indefinitely  expanded,  often  a  bulla.  Filaments  more  or  less  moniliforme.  Heterocjsts  exactly 
spherical  or  rarely  oblong. 

a.   Thallus  globosus  vel  subglobosus,  vel  disciformis. 
Thallus  globose,  subglobose  or  discoid. 

VS.  Anstinii,  Wood,  (sp.  nov,) 

N.  subglobosum,  parvum,  plerumque  magnitudine  ovorum  piscium,  rare  ad  2",  fuscescente, 
vel  nigrescente,  interdum  durum  interdum  submoHe,  superficie  s£epe  corrugata;  tricho- 
matibns  varie  curvatis,  dense  iiitricatia  vel  distantibas  et  laxissime  intricatia,  viridibus, 
fuscescentibus,  subplnmbeis  vel  luteo-brunneis,  in  thallis  minoribus  sffipe  distincte  vaginalis, 
in  thallis  majoribus  hand  vel  indistincte  vaginatis ;  articulis  .maturis  globosis,  saape  didymis, 
craase  grannlatis ;  cellulis  perdurantibus  articnlorum  diametro  tequalibua  vel  pauIo  majoribus, 
globosis,  interjeetis  vel  terminalibus,  plerumque  sparsia. 
Diam.— Cell.  Veg.,  teV— t^cott"  =  .0026"— 00033";  cell,  perdnrant,  .00033". 
Hab. — in  rupibus  irroratis,  New  Jersey.    (Austin.) 

Subglobose,  small,  mostly  the  size  of  fish-eggs,  but  reaching  the  diameter  of  nearly  two  lines, 
fuscous  or  blackish,  sometimes  very  hard,  sometimes  much  softer ;  surface  often  corrugated ; 
filaments  variously  curved,  densely  intricate  or  distantly  and  loosely  interwoven,  greenish, 
fuscous,  subplnmbeis  or  yellowish-brown,  in  the  smaller  fronds  often  distinctly  vuginate,  in 
the  larger  indistinctly  or  not  all  vaginate;  mature  joints  globose,  often  didymous,  coarsely- 
granulate  ;   heterocysts  equal  to  the  diameter  of  the  other  joints  or  a  little  larger,  globose 
interspersed  or  terminal. 
Hemarks.—The  fronds  of  this  distinct  species  vary  greatly  in  appearance;  the 
larger  of  them  are  often  almost  colorless,  and,  when  viewed  with  the  microscope, 
are  seen  to  be  composed  of.  a  transparent  colorless  jelly,  with  remarkably  large 
filaments  scattered  through  it.     These  filaments  arc  generally  without  sheaths, 
though  occasionally  a  sheath  can  bo  faintly  traced.     The  smaller  fronds  are  much 
firmer  than  the  larger  and  are  more  decidedly  colored.     Some  of  them  are  entirely 
opaque,  looking  simply  black  wl>en  viewed  by  transmitted  light  under  the  micro- 
scope.    In  these  the  filaments  are  densely  crowded  together,  often  misshapen  and 
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provided  with  distinct  broad  brownish  sheaths :  every  gradation  exists  between 
these  forms  and  the  first  described  fronds.  The  heterocysts  are  quite  uniform  in 
size,  agreeing  in  diameter  with  the  largest  vegetative  cells,  tliey  are  always  single. 
This  species  is  most  nearly  allied  to  N.  ichthyoon,  Rabenh.  ;  from  which  it  is 
separated  by  the  differences  in  the  sheaths,  the  greater  size  of  the  filaments,  and 
the  single  heterocysts.  It  gives  me  great  pleasure  to  dedicate  the  species  to  Mr. 
Austin,  by  whom  it  was  collected  near  Gloucester,  New  Jersey,  growing  amidst 
mosses  on  rocks. 

W.  pruniroriue,  (Rotu,)  Agh. 

N.  magnum,  gregarium,  ooncoliEerens,  globosum,  magiiitudiae  pisi,  pruui  majoris  et  ultra,  oliva- 
ceum  ve!  saturate  Eerugineum,  fetate  provecta  fusco-nigreseeas,  haud  raro  cavum,  lEevissimum, 
intus  aquosum,  peridermate  coriaceo  subachroo ;  triehomatibus  subfequalibus,  hie  illic  tnmidis, 
laxe  intricatis;  artieulis  globosis,  plerumque  comprcssis,  SEepe  didymis,  arete  connexis;  cel- 
Inlis  perdu  ran ti bus  artieulis  duplo  majoribus,  plerumque  terminalibus,  raritis  interjectis.  R. 
Speeies  mibi  iguota. 

ZiMm.— Artie.  0.00024"— 0.0003"  ;  cell,  perdur.  0.0003— O.O0O45".  (R.) 

Syn. — N.  pruniforme,  (Roth,)  Ag.     Rabenhorst,  Flora  Europ.  Algaruni,  Seet.  II.  p.  168. 

Hob. — Maine.    Leidy. 

Large,  gregarious,  not  cohering,  globose,  varying  from  the  size  of  a  pea  to  a  large  plum,  or 
even  beyond  this,  olivaceous  or  deep  lerngiueous,  in  old  age  blackish  fuscous,  often  hollow, 
very  smooth,  within  watery,  periderm  coriaceouB,  somewhat  transparent ;  filaments  subequal, 
here  and  there  swollen,  laxly  intricate ;  articles  globose,  mostly  compressed,  often  twofold, 
closely  connected;  heterocysts  twice  the  size  of  the  vegetative  cells,  mostly  terminal,  rarely 
interspersed. 

Eemarks. — I  have  never  found  this  species ;  but  some  years  since  some  speci- 
mens, sent  to  the  Academy  of  Natural  Sciences  of  Philadelphia  from  Maine,  were 
identified  by  Professor  Joseph  Leidy  as  belonging  to  it. 

W.  Terracosum,  (Linn.)  Vauch. 

N.  magnum,  gregarium,  bipollieare  et  ultra,  sabglobosam,  scepe  lobatum,  verruculosum,  irrora- 
tum,  initio  Bolidum,  postrerao  eavum,  vesiciforme,  saturate  brunneo-viride ;  peridermate  mem- 
bra naceo- coriaceo,  olivaceo-fusccEcente;  triehomatibus  varie  curvatis,  centralibns  parcioribua 
et  laxissime  intricatis,  peripherieis  densius  intricatis;  artieulis  oblongis,  rare  globosis,  arete 
connexis,  crasse  granulatis;  cellulis  perdurantibus  inters titiali bus  vol  terminalibus,  sphterieis, 
articulorum  diametro  dnplo  majoribus. 

Diam.— Cell,  vegctativ.  .000166";  eel!,  perdurant.  .000233". 

Syn. — N.  verrucosum,  (Linn.)  Vauch.     Rabenhorst,  Flora  Europ.  Algarnm,  Sect.  II.  p.  116. 

Eab. — In  fonte,  Centre  County,  Pennsylvania. 

Large,  subglobose,  often  lobed,  warty ;  gregarious,  two  inches  in  diameter,  growing  under  water, 
fixed,  in  the  beginning  solid,  afterwards  hollow,  bladder-shaped;  periderm  membranaceous, 
coriaceous,  olivaceous-fuacous ;  filaments  variously  curved,  centrally  fewer,  and  laxly  intricate, 
towards  the  outside  much  more  close;  articles  oblong,  rarely  globose,  closely  connected, 
coarsely  granulate;  heterocysts  interstitta!  or  terminal,  spherical,  twice  the  size  of  the  other 
joints. 

Remark. — In  the  summer  of  1869, 1  found  a  nostoc  growing  in  great  abundance 
in  a  very  cold,  large,  limestone  spring  in  Centre  County,  Pennsylvania,  which  I 


Hosted  by 


Google 


PRESH-WATEE   ALG^OE   THE   UNITED   STATES  29 

have  referred  to  N'.  verrucosum  with  some  little  hesitation.  Some  of  the  fronds 
were  smoothish,  others  very  decidedly  warty.  My  specimens  are  old  plants, 
which  have  become  hollow  by  the  discharge  of  their  internal  contents.  It  is  pos- 
sibly on  this  account  I  have  not  been  able  to  verify  the  mmute  description  given 
by  Professor  Kabenhorst.  As  the  latter  may  not  be  accessible  to  some  of  those 
who  consult  these  pages,  I  append  the  latter  part  of  it,  which  differs  from  that 
given  by  myself  from  the  American  plants. 

"  Trichomatibus  flexuoso-curvatis,  quasi  triplici  ordine;  centralibus  parcioiibus, 
laxissime  implicatis,  apices  versus  plus  minus  attenuatis,  articuHs  oblongis,  sub- 
distantibus,  periphericis  densins  s^pe  densissime  intricatis,  basi  haud  raro  cellulis 
biseriatis,  articuHs  globosis,  arete  connexis,  extremis  (nonnisi  in  thallo  vetusto 
occurrunt)  subflagelliformibus,  articuHs  oblongis,  cylindraceis  sph^ricisque  simul 
immixtis,  distantibus;  cellulis  perdurantibus  sphaericis  interjectis  terminalibusque, 
nonnunquam  pluribus  simul  seriatis  articulorum  diametro  duplo  triplovc  majoribus." 

According  to  Professor  Harvey  (Nereis  Bor.  Amer.,  part  iii.  p.  114),  this  species 
has  been  collected  by  Dr.  Lyall  in  pools  of  fresh  water,  Isle  of  Disco,  and  at 
Beechey  Island,  Arctic  Regions;  also  by  Mr.  Fcndler  at  Sante  Fe,  New  Mexico. 

IV.  alpinnm,  'K.iz. 

N.  rupestre,  immersum;  thallo  snborbiculare,  erecto,  membranacco,  ad  J=|  unciam  lato,  ad 
lineas  duas  vel  tres  crasso,  tenaci,  saturate  oIiTaceo-fusco,  Itevi,  s*pe  rugoso-plicato,  cum  mar- 
gine  integro  et  plerumque  inerassato;  trichomatibus  varie  caryatis,  laxe  vel  nonnihil  donse 
implicatis;  articulis  fuscis  vel  dilute  eerugineis  plemmque  globosis,  ssepe  suhtilitcr  granulatis, 
arete  connexis;  cellulis  perdurantibus  sphsericis  plerumque  articulorum  diametro  paulo  ma- 
joribus, iuterdum  eubtequalibua,  interjectis  vel  termiualibns. 

Diam.— Artie,  vegetativ.  .OOOIG"— 00023" ;  cell.  perd.  .00026. 

Syn. — "  N.  alpinum,  Etz.     Pbycol.  General.,  p.  20G,  No.  10,"     Rabenhorst,  Flora  Europ. 
Algarum,  vol.  ii.  p.  1T4. 
"  N.  Sutherlandi,  DiCKiE."    Harvey,  Nereis  Boreali  Americana,  part  iii.  p.  114. 
"  N.  cristalum,  Bailey."    Haevey,  Nereis  Boreali  Americana,  part  iii.,  1851,  p.  114. 
Growing  attached  by  its  margin  to  the. rocks  in  running  water;  thallus  suborbicular,  erect, 
membranaceous  | — |  an  inch  high  and  1 — 3  lines  thick,  very  tenacious,  deep  olive-green, 
smooth,  often  rugosely  plicate  especially  at  the  base,  with  the  margin  entire,  rounded,  and 
mostly  thickened ;  filaments  variously  curved,  lasly  or  somewhat  densely  interwoven;  arti- 
cles fuscous  or  greenish,  mostly  globose,  often  finely  granulate,  closely  connected;  heteroeysts 
spherical,  generally  a  little  larger  than  the  ordinaiy  cells,  sometimes  about  equal  to  them, 
ind  terminal. 


Remarhs. — This  interesting  little  plant  was  found  in  the  mountain  rivulets 
near  West  Point,  New  York,  by  the  late  Prof.  Bailey,  and  received  from  him  the 
specific  name  cristalum,  first  published  in  Harvey's  work  on  the  North  American 
Alga;.  I  have  myself  seen  it  growing  in  very  great  abundance  in  rapid  mountain 
streams  in  the  central  portions  of  this  State.  It  is  doubtless,  therefore,  an  inhabi- 
tant of  the  whole  Alleghany  range.  In  the  low  country,  east  or  west  of  these 
mountains  and  their  outlying  hills,  I  do  not  know  of  its  having  been  found.  I  have 
very  recently  received  specimens  of  a  nostoc  from  Sereno  Watson,  Esq.,  undoubt- 
edly belonging  to  this  species,  which  were  collected  by  himself,  in  cold  streams  in  the 
Clover  Mountains,  Nevada,  at  an  altitude  of  11,000  feet.     Under  the  name  of  M. 
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Sutherlandli  a  nostoc  has  been  described  by  Mr.  Dickie,  which  was  collected  in  the 
neighborhood  of  Baffin's  Bay,  and  must  be  referred  to  this  species,  although  the 
description  given  of  it  is  very  imperfect.     Again,  N.  alpinum,  Ktz.,  appears  to  be  in 

all  respects  similar  to  the  North  American  forms.  So  that  this  cosmopolitan  Httle 
plant  seems  only  to  ask  for  a  cold  shelter,  and  it  flourishes.  The  Alps,  the  Alle- 
ghanies,  the  Rocky  Mountains,  and  the  cold  North  are  its  homes.  To  those  who 
believe  in  a  single  centre  for  a  species,  the  suggestion  that  it  has  spread  across 
the  globe,  through  the  arctic  regions,  and  followed  our  mountain  chains  southward, 
will  of  course  present  itself. 

As  I  have  seen  it,  the  plant  is  very  abundant  where  it  grows,  five,  six,  twelve, 
or  more  of  the  little  fronds  adhering  to  a  single  pebble.  The  frond  is  generally 
longer  than  broad,  the  margin  sometimes  sinuous  but  never,  as  I  have  seen  it, 
lobate  or  incised.  It  appears  finally  to  burst  and  discharge  its  inner  portion, 
whilst  the  outer  cortical  portion,  now  a  little  vesicle  containing  a  globule  of  air,  is 
set  ftee  and  floats  down  the  stream. 

IV.  depressum,  Wood,  (sp.  nov.) 

N.  etiormiter  suborbicularo,  rainutum,  gregariam  et  interdum  aggregatom  mnscos  immersoa 
adherens,  mangitudine  seminis  sinapeoa  vel  parvius,  durum,  elastieum,  subnigris ;  peridermate 
firme,  acliroo;  trichomatibaa  plerumijue  laxe  intricatia,  baud  vaginatia ;  artieulis  globosis, 
plerumque  Diodice  aicte  connexis,  rare  distantibus;  cellulis  perdarantibuB  globosis,  ceteris 
paulo  majoribus. 

Diam. — Artie,  veget.  max:  .0002";  cell,  perduraut.  mas  .00029. 

Hob. — In  rivulia,  New  Jersey  (Prof.  Austin). 

Irregularly  auborbicular,  gregarious  and  aometimes  aggregated,  elastic,  blackish,  about  the  size 
of  a  mustai'd-seed,  or  smaller,  adhering  to  immersed  mosaes  ;  periderm  firm,  tranalucent ;  fila- 
ments Eot  vaginate,  mostly  loosely  interwoven ;  joints  globoae,  generally  rather  cloaely  con- 
nected, rarely  distant ;  heterocysts  rather  larger  than  the  other. 

Remarks. — This  plant  was  found  by  Prof.  Austin  attached  to  a  brook-moss 
(Dichelyma),  growing  in  a  rapid  rivulet  in  Northern  New  Jersey. 

The  minute  fronds  sometitaes  are  so  thin  and  spread  out  as  to  be  almost  folia- 
ceous.  The  species  I  take  to  be  most  nearly  allied  to  iV.  lichenoides  of  Europe, 
from  which  it  is,  however,  apparently  distinct.  In  the  American  plant  the  fila- 
ments and  heterocysts  are  a  little  larger,  and  the  frequent  elliptical  cells  of  the 
European  plant  are  wanting.  The  frond  also  apparently  does  not  grow  so  large  as 
the  European,  and  is  further  distinguished  by  its  flat,  discoid  form.  In  many  of  the 
specimens  examined  the  filaments  are  very  thick,  irregular,  and  contorted,  the  cells 
being  fused  together.  In  other  instances,  a  filament  will  be  plainly  double,  and 
every  grade  between  these  conditions  is  present.  This  is  plainly  owing  to  a  process 
of  growth,  to  the  cells  enlarging  and  dividing  laterally  so  as  to  form  new  filaments. 

rtf.  sphsericant,  (Poibet,)  Vauch. 

N.  globoaum,  interdum  oblongum  vel  ovale,  gregarium,  ssepiua  aggregatum,  raro  tamen  conflu- 
ente,  durum,  elasticum(infetateproTectaintusmolleetsubaquosum?),  olivaceum,  magnitudine 
seminis  sinapeoa,  ^dcerasi  parvi;  peridermate  firmo,  pellucido ;  trichomatibus  intricatis,  luteo- 
Ub,  aut  prasinatis  aut  diluto  caeruleis;  artieulis  plerumque  subquadratis,  interdum  transverse 
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subovalibus,   arete  connexis;    eytioplasmate  granulato;    cellulis  pcrdurantibua   inteijectia 
terminalibuaque,  sphtericis. 

IHam. — Artie,    diam.    loQg.    -g^Jair"  =  ,000125" ;    transv.  ^bV/  =  -OOOll";     cell,    perdurant. 

3^B3"  =  . 00029". 
Syn. — N.  ephmricum  (Poiret.)  Vauch.    Rabenhokst,  Flora  Europ.  Algarum,  Sect.  II.  p.  16t- 
Sab. — In  fontibus,  prope  Philadelphia. 
Globose,  sometimes  oblong  or  oval,  gregarious,  but  rarely  confluent,  hard,  elastic  (in  advanced 

age  within  soft  and  watery?),  olivaceous,  varying  from  the  size  of  a  mastanJ-seed  to  that  of 

a  small  cherry;  periderm  firm,  pellucid;  filaments  intricate,  yeilowisb,  greenish  or  blnish; 

articles  mostly  sub  quad  rate,  sometimes  transversely  suboval,  closely  connected ;  cytioplasm 

granular ;  hcterocysts  interspersed  or  terminal,  spherical. 

Remarks. — The  specimens  from  which  the  above  diagnosis  was  prepared  were 
found  at  Spring  Mills,  adhering  to  mosses  and  twigs  in  the  water.  The  fronds 
were  remarkable  for  their  firmness  and  elasticity.  The  color  was  a  dull,  rather 
greenish,  olive;  that  of  the  filaments  varied  from  a  decided  greenish  to  a  marked 
yellowish,  or  sometimes  an  almost  silvery  bluish  tint.  The  heterocysts  were  rather 
few  in  number,  and  were  either  terminal  or  interstitial,  sometimes  they  were  with- 
out, sometimes  with  evident  endochrome.  The  length  of  the  general  articulations 
varied  a  good  deal,  it  was,  however,  mostly  less  than  their  breadth,  which  seems 
quite  constant.  When  kept  in  water  in  the  house,  this  species  softens,  and  the 
periderm  as  it  were  peels  ofi",  allowing  the  interior  to  disperse  itself  as  it  gradu- 
ally becomes  more  and  more  diflluent.  Most  of  the  fronds  aff'orded  ample  evidence 
of  their  method  of  growth  by  the  presence  of  filaments  in  every  stage  of  division. 

Fig.  10,  pi.  2,  represents  filaments  of  this  species. 

nr.  caeruleum,  Ltnqb. 

N.  minimum,  stepe  microscopicnm,  enormiter  globosum  vel  snbglobosnm,  affixnm,  gregariam, 
sejnnctura  vel  aggregatum  ;  trichomatibus  valde  intequalibus ;  articulia  elongato-cjlindraeei.=, 
vel  acute  ellipticis,  vel  perfecte  ellipticie,  vel  globosis,  vel  subglobosis,  ve!  subquadrangulis, 
sejunctis  et  nonnihil  distantibus  vel  arete  eonnectis  ant  conflnentibus ;  cellulis  perdurantibus 
globosis,  passim  interjectis  term  in  ali  bus  que,  ceteris  duplo  vel  subdnplo  majoribus. 
Jjiam.— Cell,  perdurant,  .000303;  cell,  vegetal,  plerunique  .00012— 00016G";  rarius  .0001— 
.00021. 

Syn. — N.  cxruleum,  Lyngb.     Eabenhorst,  Flora  Europ.  Algarum,  Sect.  II.  p.  161. 

Sab, — Inter  muscos.  New  Jersey  (Prof.  Austin). 

Tery  small,  often  microscopic,  irregularly  globose  or  subglobose,  affixed,  gregarious,  separate  or 
aggregated  ;  filaments  very  unequal ;  articles  elongate-cylindrical,  or  acutely  elliptical  or 
perfectly  so,  or  subglobose,  or  globose,  or  subquadrangular,  separate  and  somewhat  distant 
or  closely  connected  or,  confluent ;  heterocysts  globose,  interspersed  or  terminal,  double  or 
about  double  the  size  of  the  other  cells. 

Remarlcs. — I  am  indebted  to  Mr.  Austin  for  specimens  of  this  species  collected  by 
him  in  Northern  New  Jersey.  The  fronds  grow  attached  to  moss  and  are  very  mi- 
nute, the  largest  I  have  seen  being  not  more  than  half  a  line  in  diameter.  The 
filaments  are  remarkable  for  their  inequality,  which  is  often  very  perceptible  in 
different  parts  of  the  same  filament^''    I  have  referred  my  specimens  to  N.  cceruleum — 
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the  only  differences  between  them  and  the  European  plant  are  that  they  are  not  so 
large,  and  do  not  agree  in  color,  many  of  them  being  browner;  but  these  are  certainly 
insufficient  grounds  for  separating  them.  Prof.  Rabenhorst  speaks  of  observing 
the  contents  of  heterocysts  dividing  up  so  as  to  form  a  little  colony  of  cells,  which 
finally  break  through  the  maternal  wall.  I  have  only  studied  mounted  specimens, 
but  have  seen  very  clearly  heterocysts  in  which  this  process  was  taking  place. 

]¥.  punctatum,  "Wood,  (sp.  nov.) 

N.  terrestre;  thallo  expanse  orbiculare  vel  nonaihil  irrcgulare,  tenuissimo,  asmgineo,  parvo 
meinbraaaceo,  pellacidulo;  tricbomatiljus  !asc  intricatis,  varie  ciirvatis,  iirliculis  globosis  vel 
SEepiua  ellipticis,  plerumque  medio  peJlucidulis,  laxe  connesis ;  ccllulis  perdnrantibus  tcrmi- 
nalibus  vel  interjectis. 

Ztiam.— Cell,  vegetat.  jsgi,/'  =  .000166  ;  cell,  perdur.  yj^,,/  =  .00033. 

Hab. — In  terrestre,  New  Jersey,  (Prof.  Austin.) 

Terrestrial ;  thalJus  expanded,  irregular  or  orbicular,  very  thin,  teruginous,  small,  membranouai 
pellucid;  filaments  loosely  interwoven,  variously  curved,  joints  globose  or  often  elliptical, 
mostly  pellucid  in  the  centre,  loosely  connected ;  heterocysts  terminal  or  interspersed. 

MemarJcs. — Mr.  Austin  has  kindly  sent  me  the  only  specimens  I  have  seen  of  this 
species;  they  are  labelled  "Damp  Ground,  Sept."  The  fronds,  which  are  often 
aggregated,  are  very  small  and  exceedingly  thin,  especially  in  their  central  por- 
tions, where  they  are  quite  translucent;  in  form  they  are  often  circular,  some- 
times quadrangular,  sometimes  quite  irregular.  As  to  size,  most  of  them  are  not 
more  than  two  lines  in  diameter,  some  three,  or  possibly  five  lines.  The  margins 
are  often  reflexed  and  thickened,  especially  in  the  smallest  fronds.  Two  kinds 
of  filaments  are  visible ;  1st,  those  which  I  take  to  be  in  a  perfected  quiescent 
state ;  2d,  those  which  are  in  active  growth.  The  former  are  composed  of  globose, 
or  more  commonly  elliptical  joints,  which  are  remarkable  for  the  possession  of  a 
central  translucent,  almost  colorless  spot,  the  endochrome  apparently  being  arranged 
in  a  ring  around  the  outer  part  of  the  cell.  This  is,  however,  occasionally  want- 
ing. The  filaments,  which  are  in  active  growth,  are  very  irregular  in  form,  often 
much  broader  than  the  others;  their  cells  very  irregular  and  sometimes  fused 
together  into  one  mass.  The  measurements  given  in  the  diagnosis  were  taken 
from  the  filaments  of  the  first  kind. 
b.  Thallus  indefinite  expansus. 
Thallus  indefinitely  expanded. 
nr.  Cesatii,  Bals. 

H.  terrestre;  thallo  longo  lateque  expanso,  gelatinoso-meni  bran  ace  o,  viridi-flavescent.e;  tricho- 
matibus  flesaoso-curvatis,  sublaxo  implicatis,  pallide  serugineis;  articulis  spiiwricis,  laxe  vel 
arctins  connexis  ;  cellulis  perdurantibus  sphsericis,  et  interjectis  et  terminalibus. 
/)iam.— Artie.  .OOOie— .0002;  cell,  perdur.— .00033". 
Syn. — N.Cesatii,  Bals.     Rabenhorst,  Flora  Europ.  Sect.  II.  p.  115. 
Hab. — In  terrestre,  Kansas  (Prof.  Parry) ;  Texas  (Prof.  Ravenel). 

Terrestrial ;  thallus  broadly  and  indefinitely  expanded,  geiatinons-membranaceous,  yellowish- 
green;  filaments  fl^xuously  curved,  rather  laxly  implicate,  pale-greenish ;  articles  spherical, 
laxly  or  more  closely  connected ;  heterocysts  spherical,  both  interstitial  and  terminalibus. 
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Eemarhs. — This  plant  was  sent  to  me  by  Dr.  C.  C.  Parry,  from  whose  letter  the 
following  is  extracted :  "  I  send  enclosed  specimens  of  a  singular  land  Alga?  which 
I  met  with  in  this  vicinity ;  lightly  attached  to  bare  patches  of  soil  interspersed 
with  buffalo  grass.  In  the  adjoining  bluffs  are  cretaceous  shales  full  of  seams  and 
layers  of  selenite,  from  the  decomposition  of  which  the  bottom  soil  becomes 
strongly  impregnated  with  various  saline  matters.  The  present  season  has  been 
characterized  by  unusual  quantities  of  rain,  causing  extensive  floods  over  what  is 
usually  a  dry,  arid  district." 

The  agreement  between  the  mature  forms  is  essentially  perfect.  There  can  be 
scarcely  any  doubt  as  to  the  identification,  although  I  have  not  seen  the  Ameri- 
can plant  in  its  young  state.  The  fronds  appeared  to  be  1 — 2  lines  in  thickness, 
with  its  surface  smooth,  or  sometimes  with  close  subparallel  ridges  or  wrinkles. 

According  to  Rabenhorst,  the  young  European  N.  cesatU  is  in  the  beginning 
globose,  and  pale  golden-yellow ;  soon,  however,  bursting  and  spreading  out  into  an 
indefinitely  expanded  thallus. 

Among  the  algte  coUocted  by  Prof.  Eavenel  in  Texas  is  a  Nostoc,  labelled  "  On 
Mud  Flats,  Cedar  Bayou,  Harris  Co.,"  which  comes  so  close  to  N.  cesatii,  that  I 
think  it  must  be  referred  to  it.  It  diifers  only  in  being  more  olivaceous,  some- 
what firmer  and  in  the  size  of  the  heterocysts — the  largest  of  the  latter  which  I 
have  examined,  attaining  the  size  only  of  .00027".  llie  largest  vegetative  cells  are 
.OOOn  in  diameter. 

X.  calcicola?  Aq. 

N ■  tliallo  iiiegnlariter  expanse,  enormiter  sublobato,  tenne,  membvaiiMeo,  eartllogineo,  elastico, 
pellucido,  aut  laete  Tiride,  vel  brunneo,  vel  dilate  viride,  in'egulariter  undulato  plicato  vel 
bullatoo ;  peridermate  plerumque  subuullo ;  tricbomatibaa  cum  fllis  leptotbrichoideis  vamosis 
intermixtis,  fiexuoais,  plei'amque  distantibus,  rarissime  e  ceiluHs  biseriatis  compoeitis ;  eelluiis 
subglobosis,  oblongis,  oyalibus,  cum  ceteris  ellipticis  mtermixtis,  piernmque  laxe  conDexis; 
cellnlis  perdurantibua  spntericis,  inteijectis  et  termiiialibus. 

.Diam.—Avi.  ^^^^''^^.^^^t^tj"  =  .OOOr'4— .0001";  cell,  perdur,  tttI uff"— g^^so"  =  .0003" — 
.0002". 

Syn. — N.  calcicola,  Ag.     Rabenhoest,  Flora  Europ.,  Sect.  II.  p.  114. 

Hob. — In  ruplbuB,  Georgia.     (Prof.  Ravenel.) 

TUallus  irregularly  expanded,  membranaceous,  thin,  cartilaginous,  elastic,  pellucid,  bright  green, 
pale  green  or  brownish,  thin,  irregularly  unduiatelj  plicate  or  bullate ;  periderm  mostly 
scarcely  distinguishable ;  filaments  intermixed  with  branched  leptothrix  filaments,  flexuous, 
mostly  distant,  very  rarely  composed  of  biseriate  cells ;  cells  subglobose,  oblong,  oval,  inter- 
mingled with  elliptical  ones,  mostly  loosely  coimectoii ;  heterocysts  spherical,  interspersed  or 
terminal. 

Eemarks. — This  species  is  one  of  those  sent  rae  by  Dr.  Billings.  It  was  collected 
near  Catoosa  Springs,  Georgia,  by  Prof.  H.  W.  Ravenel,  In  the  dried  state  it  is 
of  a  dirty  olive-green,  and  very  much  wrinkled  and  irregular  on  its  surface.  The 
largest  specimens  are  about  an  inch  long.  There  is  no  very  distinct  periderm, 
although  in  some  places  the  filaments  are  placed  more  closely  together  on  the  outer 
portions  of  the  frond.     This  plant  seems  to  agree  with  the  descriptions  of  the 

5         March.  1872. 
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European  S.  calcicola,  from  wliich  it  differs  somewhat,  however,  in  having  its  hete' 
rocysts  both  terminal  and  among  thu  cells,  and  also  somewhat  in  their  size. 
X.  calidariam,  Wood. 

N.  tliallo  majcimo,  indefinite  espanso,  aut  membranaceo-coriaceo  ve!  raembranaceo-gelatinoso 
vel  raembranaceo,  ant  la:to  virdi  vel  sordide  olivaceo-viridi  vel  olivaceo-brunneo,  irreg.ulariter 
profunde  laciniato-sinuato,  ultimo  eleganter  laciniato;  trieliomatibus  inteqnalibus,  intevdum 
flexuoso-curvatis,  plerumqae  subreclis  et  arete  conjunctis,  in  formis  duabus  occurrentibus : 
forma  altera  parra,  viridi,  articulis  cylindricis,  cum  cellulis  perdurantibus  hie  illic  interjectis, 
vaginis  intevdum  obsoletis,  SEepios  diiBuentibus;  forma  altera  maxima,  artieulis  globosia  vel 
obloDgis,  aurantiaco-brunnea,  cellulis  perdurantibus  ab  artieulis  ceteris  hand  diyerais. 

Diam. — Formse  primte  articuli  maximi  Tn^uir  unc. ;  eelluls;  perdurantis  joVs  unc.  Formse 
eeeuiidfe  articuli  long,  -^jj-^  to  ^-^-^^  unc.,  lat.  55^5  to  ^j'^^,  articuli  globosi  jj^^uj,  to  35^5  unp. 

Syn. — N.  calidarium.  Wood,  American  Journal  of  Science  and  Arts,  1869. 

Sab, — "  Benton  Springs,  Owen's  Valley,  California"  (Mrs.  Partz). 

Thallus  very  large,  iudefinitoly  expanded,  either  membrano-coriaceous  or  membra  no -gelatinous 
or  membranaceous,  either  bright  green  or  dirty  olive-green  or  olive-brown,  irregularly  pro- 
foundly laciniately  sinuate,  finally  elegantly  lac  in  i  ate ;  filaments  unequal,  sometimes  flesn- 
ously  curved,  but  mostly  straightish  and  closely  conjoined,  occurring  in  two  forms;  the 
one  small,  green,  with  eylindrical  joints,  the  heterocysts  scattered  here  and  there,  the  sheaths 
sometimes  absent,  often  difBueat;  the  other  form  very  targe,  with  globose  or  oblong  articles, 
orange-brown,  the  heterocysts  not  different  from  the  other  cells. 

Remarks. — Numerous  specimens  of  this  species  were  received  from  Mrs.  Partz, 
■who  collected  them  in  Benton's  Spring,  a  thermal  water  situated  in  the  extreme 
northern  point  of  Owen's  Valley,  California,  sixty  miles  southwest  from'  the  town 
of  Aurora.  The  following  extract  from  a  letter  of  Mrs.  Partz  describes  the  place 
and  mode  of  their  growth  more  minutely. 

"  I  send  yon  a  few  samples  of  the  singular  vegetation  developed  in  the  hot  springs 
of  our  valley.  These  springs  rise  from  the  earth  in  an  area  of  about  eighty  square 
feet,  which  forms  a  basin  or  pond  that  pours  its  hot  waters  into  a  narrow  creek. 
In  the  basin  are  produced  the  first  forms,  partly  at  a  temperature  of  124° — 135° 
Fahr.  Gradually  in  the  creek  and  to  a  distance  of  100  yards  from  the  springs  are 
developed,  at  a  temperature  of  110° — 120°  Pahr.,  the  Algse,  some  growing  to  a 
length  of  over  two  feet,  and  looking  like  bunches  of  waving  hair  of  the  most  beau- 
tiful green.  Below  100°  Fahr,,  these  plants  cease  to  grow,  and  give  way  to  a  slimy 
fungus  growth,  though  likewise  of  a  beautiful  green,  which,  finally,  as  the  tempera- 
ture of  the  water  decreases,  also  disappears.  They  are  veiy  difficult  to  preserve, 
being  of  so  soft  and  pulpy  a  nature  as  not  to  bear  the  least  handling,  and  must 
be  carried  in  their  native  hot  water  to  the  house,  very  few  at  a  time,  and  floated 
upon  paper.  After  being  talten  from  the  water  and  allowed  to  cool  they  become 
a  black  pulpy  mass.  But  more  strange  than  the  vegetable  are  the  animal  organ- 
izations, whose  germs,  probably  through  modifications  of  successive  generations, 
have  finally  become  indigenous  to  these  strange  precincts.  Mr.  Partz  and  myself 
saw  in  the  clear  water  of  the  basin  a  very  sprightly  spider-like  creature  running 
nimbly  over  the  ground,  where  the  water  was  124°  Fahr.,  and  on  another  occasion 
dipped  out  two  tiny  red  worms." 
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In  regard  to  the  temperatures  given,  and  the  observation  as  to  the  presence  of 
animal  life  in  the  thermal  waters,  Mr.  William  Gabb,  of  the  State  Geological 
Survey,  states  that  he  has  visited  the  locality,  knows  Mrs.  Partz  very  well,  and  that 
whatever  she  says  may  be  relied  on  as  accurate. 

The  color  of  the  dried  specimen  varies  from  a  very  elegant  bluish-green  to  dirty- 
greenish  and  fuscous-brown.  After  somewhat  prolonged  soaking  in  hot  water,  the 
specimens  regained  apparently  their  original  form  and  dimensions,  and  were  found 
to  be  in  very  good  condition  for  microscopical  study. 

The  plant  in  its  earliest  stages  appears  to  consist  simply  of  cylindrical  filaments, 
which  are  so  small  that  they  are  resolved  with  some  difficulty  into  the  component 
cells  by  a  first-class  one-fifth  objective.  Fronds  composed  entirely  of  filaments  of 
this  description  were  received.  Some  of  these  were  marked  as  "first  forms,"  and 
as  having  grown  in  water  at  a  temperature  of  160°  Fahr.  Probably  these  were 
collected  immediately  over  the  spot  where  the  heated  water  bubbled  up.  At  this 
temperature,  if  the  collection  made  is  to  be  relied  on  as  the  means  of  judging,  the 
plant  does  not  perfect  itself  To  the  naked  eye  these  "first  forms"  were  simply 
membranous  expansions,  of  a  vivid  green  color  and  indefinite  size  and  shape, 
scarcely  as  thick  as  writing-paper,  with  their  edges  very  deeply  cut  and  running 
out  into  a  long,  waving,  hair-like  fringe.  Other  specimens,  which  grew  at  a  much 
lower  temperature,  exactly  simulated  those  just  described,  both  in  general  appear- 
ance and  microscopical  characters.     These,  I  believe,  were  the  immature  plant. 

The  matured  fronds,  as  obtained  by  the  method  of  soaking  above  described,  were 
"  gelatinous  membranous,"  of  a  dirty-greenish  or  fuscous-brown  at  their  bases,  and 
bright  green  at  their  marginal  portions,  where  they  were  deeply  incised  and  finally 
split  up  into  innumerable  hair-like  processes.  Proximally  they  were  one,  or  even 
two,  lines  in  thickness,  distaUy  they  were  scarcely  as  thick  as  tissue  paper.  Their 
bases  were  especially  gelatinous,  sometimes  somewhat  translucent,  and  under  the 
microscope  were  found  to  have  in  them  only  a  few  distant  filaments. 

Two  sets  of  filaments  were  very  readily  distinguished  in  the  adult  plant.  The 
most  abundant  of  these,  and  that  especially  found  in  the  distal  portions  of  the 
fronds,  were  composed  of  uniform  cylindrical  cells,  often  enclosed  in  a  gelatinous 
sheath.  The  diameter  of  such  filaments  varies  greatly;  in  the  larger  the  sheaths 
are  generally  apparent,  in  the  smaller  they  are  frequently  indistinguishable. 

In  certain  places  these  filaments  are  more  or  less  parallel  side  by  side,  and  are 
glued  together  in  a  sort  of  membrane.  It  is  only  in  these  cylindrical  filaments 
that  I  have  been  able  to  detect  heterocysts,  which  are  not  very  different  from  the 
other  cells ;  they  are  about  one-third  or  one-half  broader,  and  are  not  vesicular,  but 
have  contents  similar  to  those  of  the  other  cells.  In  one  instance  only  was  I  able 
to  detect  hairs  upon  these  heterocysts. 

The  larger  filaments  are  found  especially  near  the  base  and  in  the  other  older 
portions  of  the  frond.  Their  cells  are  generally  irregularly  elliptical  or  globose, 
rarely  are  they  cylindrical.  They  are  mostly  of  an  orange-brown  color;  and  there 
exists  a  particular  gelatinous  coating  to  each  cell  rather  than  a  common  gelatinous 
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sheath  to  the  filament.  These  larger  threads  are  apparently  produced  from  the 
smaller  filaments  by  a  process  of  growth. 

Near  the  base  and  in  the  under  portions  of  the  fronds,  these  filaments  are  scat- 
tered in  the  homogeneous  jelly  in  which  they  run  infinitely  diverse  courses.  In 
the  upper  portions  of  the  frond,  and  at  some  little  distance  from  the  base,  the  ad- 
joining cells  are  very  close  to  one  another,  and  pursue  more  or  less  parallel  courses, 
with  enough  firm  jeUy  between  to  unite  them  into  a  sort  of  membrane. 

This  plant  certainly  belongs  to  the  NbstocJiacecB,  and  seems  a  sort  of  connecting 
link  between  the  genera  Hormosipfion  of  Kiitzing  and  Nosioc. 

The  best  algologists  now  refuse  to  recognize  the  former  gi'oup  as  genericidly 
distinct;  and  the  characters  presented  by  this  plant  seem  to  corroborate  that  view. 

Adherent  to,  and  often  more  or  less  imbedded  in,  the  fronds  of  the  Nostoc,  were 
scattered  frustules  of  several  species  of  diatoms,  none  of  which  was  I  able  to  iden- 
tify. In  some  of  the  fronds  there  were  numerous  unicellular  Algse,  aU  of  them 
representatives '  of  a  single  species  belonging  to  the  genus  OJiroococcus,  Niigeli. 
This  genus  contains  the  very  lowest  known  organisms— simple  cells  without  nuclei, 
multiplying,  as  far  as  known,  only  by  cell-division.  These  cells  are  found  single  or 
associated  in  small  families ;  and  in  certain  species  these  families  are  united  to  form 
a  sort  of  indeterminate  gelatinous  stratum.  In  these  species  the  families  are  com- 
posed of  but  very  few  cells,  surrounded  by  a  very  large,  more  or  less  globular  or 
elliptical  mass  of  transparent,  firm  jelly.  Tlie  species  is  very  closely  allied  to 
Chroococctis  turgidits,vai.  tliermaKs,  Rahenh.,  from  which  it  differs  in  the  outer 
jelly  not  being  lamellated. 

The  technical  description  of  this  plant  will  be  found  in  the  proper  place. 

Fig.  2  a,  pi.  2,  represents  the  most  mature  and  largest  filament ;  Fig.  2  J,  a  small 
filament  from  the  same  frond,  each  magnified  800  diameters.  Fig.  2  c,  represents 
portions  of  the  upper  surfaces  of  fronds. 

IV.  comminutiini,  Kxz. 

N.  thallo  indefinite  expanse,  gelatinoso,  natante,  modo  viride,  plernraque  sordide  ferrngineo; 
trichomatibns  flesuosis,  plerumque  subdense  iotricatis;  articulis  globosis  (ante  divisionem 
factam  subcylindricis),  subtiliter  granulatis,  interdum  Iiete  viridibus,  plerumque  ferrugineis 
aut  luteo-fHseescentibus  aut  fuscis;  cellalis  perdurantibas  globosis,  articulorum  diamctro 
dupio  majoribus,  inteijectis  aut  terminalibus. 

Diam. — Artie.  soWi  *^^1'-  perdur.  jgVff"- 

Syn — N.  comminulum,  Ktz.     Raeekhobst,  Flora  Europ.  Algamm,  Sect.  II.  p.  119. 

Sab. — In  fossis  natante,  prope  Philadelphia. 

Thallas  indefinitely  expanded,  gelatinous,  floating,  mostly  sordidly  ferruginous,  Boroctimea 
greenish;  trichomata  flcsuous,  mostly  subdensely  intricate;  joints  globose  (before  division 
subcylindrical),  minutely  granulate,  sometimes  bright  green,  sometimes  ferruginons,  yellow- 
ish-fuscons,  or  fuscous;  heterocjsts  globose,  about  twice  as  long  as  ordinary  joints,  both 
interspersed  and  terminal. 

Remarlcs. — This  species  is  to  be  found  floating  on  the  surface  of  the  ditches 
below  the  city  in  the  latter  part  of  August  and  September,  forming  a  repulsive, 
ferruginous,  slimy  acnfe.    The  periderm  is  not  very  apparent,  and  indeed  the  sepa- 
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rate  fronds  are  not  distinct.  The  filaments  are  very  long,  mostly  closely  intricate, 
very  much  curved;  in  some  places  they  are  more  sparse.  Their  color  is  mostly  a 
sort  of  yellowish  ferruginous-green,  sometimes  they  are,  decidedly,  almost  purely 
ferruginous,  more  rarely  a  bright  green.  This  plant  agrees  pretty  well  with  the 
descriptions  of  the  European  Nosioc  comminutum,  and  I  believe  is  the  same 
species;  if,  however,  iV.  lacustre  of  Kutzing  is  distinct  from  N.  comminutum,  this 
is  also ;  but  I  incline  to  the  opinion  that  they  are  all  different  forms  of  one  plant. 
rig.  3,  pi.  2,  represents  a  single  filament  magnified  800  diameters. 

X.  commune,  Vaucu. 

N.  terrestre,  thallo  irregulariter  cxpanso,  dlfforrai,  undulato-plicafo,  trcmulo,  intus  aquose  gela- 
tinoso,  jetate  provecta  plerumque  excavato,  peridermate  subcoriaceo  finno,  olivaeeo,  luteo- 
fuseeseente  vel  Inteo-fusco  cincto  ;  trichomatibus  flcxuoso-curvatis,  pallide  serugineis,  laxe 
implicatis,  tequalibus  vel  subsequalibua,  baud  raro  a  hasi  ad  medium  usque  cellulis  biseriatis 
compositis;  articulis  sphfericis  vet  e  mutua  pressione  snbquadrangularibus,  lasc  coonexia, 
passim  distantibus,  puncto  eeutrali  turbato  prreditis;  eellnli.s  perdarantibus  globosis,  articu- 
lorum  diamctro  dnpio  majoribus,  interstialibns  terminalibusque, 

Z)iam.— Cell,  vegetal.  .00012" — .00016";  cell,  perdurant  .00025"— .00033". 

Syn. — N.  commune,  Yauch.     Raeenhokst,  Flora  Kurop,  Algarum,  Sect.  II,  p.  175. 

Hah. — In  terrcstro,  New  Jersey,     (Austin.)     "  Rio  Bravo.  Schott."    Harvey. 

Terrestrial ;  thallns  irregularly  expanded,  shapeless,  undulate-plicate,  tremnlous,  withia  of  Ihe 
coDsistence  of  thin  jelly,  in  advanced  age  mostly  hollow ;  periderm  snbcoriaceous,  firm,  oliva- 
ceous, yeliowish-fuseous  ;  filaments  flexuously  curved,  pale  green,  laxly  implicate,  equal  or 
subequal,  not  rarely  composed  of  a  double  series  of  cells  from  their  base  to  tlieir  middle ; 
articles  spherical  or  sub  quadrangular  from  mutual  pressure,  loosely  connected,  here  and  there 
distant,  famished  with  a  central  spot;  heterocysts  globose,  twice  as  large  as  the  vegetative 
articles,  interstitial  and  terminal. 

Remarks. — The  only  specimens  I  have  seen  of  this  species  are  very  old  ones, 
which  have  burst  and  discharged  their  central  portions.  I  have  consequently  pre- 
ferred to  copy  the  diagnosis  of  Prof.  Kabenhorst.  My  specimens  agree  pretty 
closely  with  it.  The  filaments,  and  also  the  single  cells,  are  closer  together  than 
his  words  would  seem  to  indicate.  My  measurements  of  the  heterocysts,  as  given 
above,  are  larger  than  those  of  Prof.  Rabcnhorst.  They  agree,  however,  with  his 
text,  which  his  own  measurements  do  not.  I  am  indebted  to  Prof.  Austin  for 
specimens  of  this  species,  which  he  collected  in  Northern  New  Jersey.  According 
to  Professor  Harvey  this  plant  was  collected  by  Dr.  Schott  along  the  Kio  Bravo, 
where  it  is  common  on  dry  flats  after  rains. 

Subfamily  SPERMOSIRILE. 

Thallas  sine  peridermate,  interdum  nullus.     Trichomata  sporis  instrueta. 

Thallus  without  any  periderm,  sometimes  absent.     Filaments  furnished  with  spores. 

Genus  ANAB^NA,  Bort. 

Trichomata  moniliformis,  evaginata;/sporis  sphiericis,  anreis  vel  aureo-fuscis,  plcruraque  singulis, 
cum  cclluiis  vegetativis  vel  perdurantibus  conjunctis. 
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Filaments  raotiiliromi,  without  slieaths;  spores  spherical,  yellow  or  yellowish-fuscous,  mostly  sin- 
gle, variously  placed  as  to  the  heterocysts  aad  ordiuary  cells. 

Remarks. — The  characters  which  I  have  given,  are  somewhat  diiferent  and  less 
exacting  than  those  of  Prof.  Rabenhorst,  otherwise  our  American  species  would 
hardly  be  covered  by  the  diagnosis.  Professor  Harvey  in  his  Phycologia  Britan- 
nica  states  that  A.  Jussieu  had  preoccupied  the  name,  Anabaina,  by  applying  it  to 
a  genus  of  Euphorhiacece.  The  date  of  Bory's  name  is,  however,  1823,  whilst  that 
of  Jussieu  is  1824.     Hence,  it  is  the  latter  which  must  be  changed. 

A.  gelatioosa,  Wood. 

A.  thallo  mucoso  gelatinoso,  indeflulte  expanse,  dilutissimc  bninneo,  nonriihil  pellucido ;  tricho- 
matibus  liaud  vaginatis,  leviter  flesuoso-curvatis,  noiinihil  distantibus,  baud  intricatis,  aut 
dilute  aureis  ant  dilate  eterBleo-viridibus ;  arlicalis  globosis,  homogeneis;  cellnlis  perdu- 
rantibns  articulorum  diametro  fere  Eequalibus,  globosis,  vel  rare  oblongis;  sporis  terminalibus, 
singulis,  globosis  (fusco-bmnneis  ?). 

Syn. — A.  gelatinosa,  Wood,  Prodromus,  Proc.  Amer.  Philos.  Soc,  1869,  126. 

Hab. — Prope  Philadelphia. 


Thallus  gelatinous,  mucous,  indefinitely  expanded,  somewhat  pellucid,  with  a  brownish  tinge ; 
filaments  not  vaginate,  somewhat  curved,  rather  distant,  not  intricate,  either  a  light  golden- 
yellow  or  light  bluish-green;  joints  globose,  homogeneous;  heterocysts  about  equal  to  the 
filaments  in  diameter,  globose  or  rarely  oblong ;  spores  terminal,  globose. 

Bemarhs. — The  color  of  the  shapeless  mass  of  jelly  of  which  the  frond  is  com- 
posed is  a  lightbrown  with,  in  places,  a  decided  reddish  or  flesh-colored  tint.  The 
heterocysts  are  either  interstitial  or  terminal,  no  hairs  were  detected  on  them ; 
they  arc  mostly  globose  and  only  occasionally  are  they  oblong. 

Pig.  4,  pi.  3,  represents  a  filament  of  this  species  magnified  T50  diameters;  the 
color  of  the  endochrome  of  the  large  spore  was  possibly  due  to  its  being  dead, 

A.  flos  aqaie,  (Lynob.)  Etz. 

A  libera  natans,  submembranacea,  leruginea;  trichomatibus  plus  minus  cuiTatis,  srepius  circi- 
natis;  articuHs  sphaericis  vel  e  mutua  pressione  modo  ellipticis  modo  oblongo-quadratis ;  cel- 
Julis  perdurantibas  ellipticis  singulis  vel  geminis;  cytioplasmate  pallide  lerugineo  granulato 
tarbato  ;  sporis  exacte  globosis  aureo-fulvis  Incidis,  singulis  interjectis,  articulorum  diametro 
subduplo  majoribus.     R.  Species  mihi  iguota. 

Diam.— Artie.  0.00017"— 0,00025" ;  diam.  long  cell.  perd.  0.00048"— 0.00053";  spor. 
0.00032"- 0.0004". 

Syn. — A.Jios  aquas,  (Ltxgb.)  Ktz.     Rabenhorst,  Flora  Europ.  Algarum,  Sect.  II.  p.  182. 
.ffa6.— "Round  Pond,  West  Point,  New  York."     Prof  Bailey.     Silliman's  Journal,  N.  S.,  vol. 
iii.  18 

Swimming  free,  submembranaceons,  Eeruginous;  filaments  more  or  less  cnrved,  very  often  eir- 
cinnate ;  articles  spherical,  or,  from  mutual  pressure,  elliptical  or  oblong  quadrate ;  heterocysts 
elliptical,  single  or  geminate  ;  cytioplasm  pale  leruginous,  granulate  ;  spores  exactly  globular, 
golden-falvous,  bright,  singly  interspersed,  nearly  twice  the  diameter  of  the  joints. 

A.  gigantea,  Wood. 

A.  thallo  nullo,  trichomatibus  singulis  et  numero  so-con  so  ciatis,  natantibus,  rectis,  in  ffitato 
juveni  spiraliter  convolutis;  articulis  plorumque  suhglobosis,  arete  eonnexis,  granulosis;  cel- 
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lulia  perduratitibus  interjectia,  articalia  vegetativis  eubEequaiibua,  utioque  polo  puEcUforme 

incrassatis,  sQbsphtericis ;  sporis  subsphtericis. 
Syn. — A.  giganiea,  Wood,  Prodromus,  Proc.  Amer.  Philos.  Soc,  1869,  145. 
Hab. — In  stagnis  natante,  prope  Philadelphia. 
Diam. — Artie,  yegetat.  max.  ^^^^.    Heterocysts  ^jj'g^  =  .0005.     Spor,  lat.  tjVch  =  LoDg. 

Ti?5jr  =  -001. 
Thallus  wanting ;  filaments  oceurring  floating  singly  on  water  or  ia  great  numbers,  straight, 

but  in  the  yonng  state  often  spirally  convolute  ;  articles  mostly  snbglobose,  closely  connected, 

granular,  heterocysts  suhspherical,  interstitial,  a  very  little  larger  than  the  vegetative  cells, 

thickened  at  each  end  in  a  punctiform  manner ;  spore  suhspherical. 

Remarhs. — This  plant  was  found  by  myself,  late  in  the  summer,  floating  upon  a 
hrick-pond  below  the  city,  forming  a  part  of  a  thick,  dirty-green,  "pea-soup 
colored,"  almost  pulverulent  scum.  The  filaments,  though  occasionally  in  great 
numbers,  were  never,  that  I  saw,  joined  together  by  any  jelly  so  as  to  form  a  frond. 

Fig.  5,  pi.  3,  represents  a  short  filament  of  this  species  magnified  T50  diameters. 

Genus  CYLINBROSPERMUM,  Ktz. 

Sporse  ante  cellulam  terminalem  ortte. 

Spore  developing  from  the  next  to  the  terminal  cell. 

C.  minutum,  Wood. 

C.  trichomatibus  dilute  ferugineis,  plerumque  flesuoso-eurvatis  et  intricatis,  intcrdum  subrcctis  ; 
articulis  cylindricis,  ad  genicula  plus  minus  constrictls,  hotnogeneis  vei  granulatis;  ccllulis 
perdurantibus  terminalibus,  hirautis,  globosis;  sporis  ellipticis,  diametro  2 — 3  plo  longioribus, 
subtil issinte  granulatis. 

Syn. — G.  miwatum.  Wood,  Prodromus,  Proc.  Amer.  Philos,  Soc,  18159,  126. 

Diam. — Artie.  ^^sTi"'-.  ^por.  long.  yeW;  transv.  soV'- 

.Safe. — In  stagnis  prope  Philadelphia. 

Filaments  light  lemgi nous-green,  generally  curved  and  intricate,  sometimes  straightish  ;  articles 
cylindrical,  more  or  less  constricted  at  the  joints,  homogeneous  or  granulate ;  heterocysts 
terminal,  hirsute,  globose;  spores  elliptical,  2 — 3  times  longer  than  broad,  very  minutely 
granulate. 

Remarhs. — This  species  was  found  by  myself  at  Spring  Garden,  New  Jersey. 
With  a  number  of  other  algse  it  formed  a  ferruginous-brown  gelatinous  mass, 
growing  in  a  deep,  shaded,  very  stagnant  pool.  In  most  instances  the  filaments 
were  closely  interwoven,  and  sometimes  formed  minute  greenish  balls,  just  large 
enough  to  be  visible  to  the  unassisted  eye.  In  other  instances  they  were  mixed 
up  with  various  algae  in  little  indefinite  masses.  There  is  apparently  a  stage  in 
the  life  of  the  plant,  when  it  consists  of  a  single  filament  enclosed  in  a  little  cap- 
sule, for  mixed  in  with  the  rest  of  the  gelatinous  scum  were  little  microscopic,  sub- 
globose  masses,  with  a  firm  outer  periderm  and  a  single  filament  coiled  up  in  the 
centre.  The  color  of  the  filaments  was  generally  a  faint  bluish-green,  sometimes, 
however,  with  a  yellowish  tint.     The  spores  were  decidedly  yellowish. 

Fig.  6,  pi.  2,  represents  a  fragment  of  a  filament  with  the  spore  magnified  800 
diameters. 
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€.  flcxuosum,  (Aq.)  Rabens. 

C.  strato  gelatinoso,  saturate  viride,  indefinite  expanse ;  trieliomatibus  aqualibna,  pallide  vel 
saturate  Cferuleo-viridibus,  pierumquo  valde  flexuosis  et  intricatis,  stepiiia  circinatim  vel 
fasciatim  convolutis,  interdum  subrectis,  et  fasciatim  contestis;  articulis  oblougis,  ad  geni- 
cula  plus  minus  coiitractis,  lioniogeneis  vel  granulatis,  distinctis ;  cellulis  perdurantibua 
terminalibns,  subglobosis,  rare  hirsutis,  nonnuaquam  in  trichomatis  ntroque  fine;  sporis 
oblongo-cylindricis,  diametro  2 — 3  plo  longioribna,  distincte  graoulatis. 

iJjam.— Spor,  ijgjV' = -000416";  cell,  veget.  ^aVff"  = -000166". 

Syn. — C.  jiexvoaum,  (Aa.)     Rabenhorbt,  Flora  Europ.  Algarum,  Sect.  II.  p.  188. 

Eab. — In  locis  irroratis,  prope  Philadelphia. 

Stratum  gelatinous,  deep  green,  indefinitely  expanded;  filaments  equal,  pale  or  deep  bluish- 
green,  mostly  very  flexnoua  and  interwoven,  often  cireinnately  or  fasciately  convolute  ;  some- 
times straightisb  and  in  bundles  ;  articles  oblong,  more  or  less  contracted  at  tie  joints,  homo- 
geneous or  granulate,  distinct;  heterocysts  terminal,  subglobose,  rarely  hirsute,  sometimea 
at  both  ends  of  the  filament ;  spores  oblong-cylindriea!,  2  or  3  times  longer  than  broad,  dis- 
tinctly granulate. 

Remarlzs. — The  color  of  the  filaments  in  young  specimens  is  deeper  than  in  the 
older,  which,  however,  grew  in  a  much  darker  locality.  The  young  spores  are  a 
yellowish-green,  afterwards  they  are  of  a  sort  of  yellowish  reddish-brown.  In  one 
instance  two  spores  were  seen  closely  conjoined  together  at  the  end  of  a  filament. 
In  some  filaments  one  or  more  heterocysts  occur  intcrstitially.  Often  one  or  more 
filaments  will  be  seen  coiled  together  like  a  rope.  On  the  banks  of  the  Schuyl- 
kill River  I  have  found  this  species  in  two  localities  in  the  latter  part  of  Sep- 
tember. In  the  one  instance  it  grew  along  the  Reading  Railroad,  just  above  the 
Flat  Rock  tunnel,  in  a  dark  little  grotto,  formed  by  shelving  rocks.  In  the  other 
case,  it  was  on  wet  ground  by  a  horse-trough  very  near  the  west  end  of  the  upper 
bridge  at  Manayunk. 

Fig.  la,  pi.  3,  represents  a  filament,  magnified  450  diameters. 
Fig.  IJ,  a  portion  of  a  filament,  magnified  800  diameters. 
C  niacrosperinuiii,  Eiz- 

C.  trichomatibua  curvatis  vel  subrefltis,  pallide  asrugineis;  articuiis  cjlindricis  vel  subpylia- 
dricis  (in  forma  Europtea  "globosia  vel  elHptieis"),  ad   genicula  plus  minus  conatrictis, 
passim  confluentibus ;  cellulis  terminalibus  plerumque  ellipticis  vel  ovatis,  diametro  pauIo 
vel  subduplo  longioribus;   sporis  elliptico-oblongis  vel   oblongo-cyHndraceis,  virtdibus  (in 
formam  Europasam  maturam  ^  saturate  fuscis"),  subtiliter  granulosis,  diametro  duplo  lon- 
gioribus. 
Diam — Trich.  cell,  transv.  55^5"  =  .00003" ;  spor.  .00046" — .00054". 
Syn.—C.  macrospermum,  Ktz.     Rabenhoest,  Flora  Europ.  Algarum,  Sect.  II.  p.  186. 
Eab. — In  rivulis.  South  Carolina.     (Prof.  Ravenel.) 

Filaments  cnrved  or  straightish,  pale  femginous;  articles  cylindrical  or  subcylindrical  (in 
European  species  "globose  or  elliptical"),  more  or  less  constricted  at  the  joints,  here  and 
there  confluent ;  terminal  cells  mostly  elliptical  or  ovate,  a  little  longer  or  about  twice  as 
long  as  broad;  spores  elJiptical-oblong  or  oblong  cylindrical,  greenish  (in  mature  European 
specimens  deep  fuscoas),  finely  granular,  about  twice  as  long  as  broad. 

RemarJcs. — I  have  received  this  species  from  Professor  Ravenel,  who  collected 
it  near  Aiken,  South  -Carolina,  in  the  month  of  September ;  with  it  was  the  follow- 
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ing  note :  "  In  bottom  of  shallow,  slowly  running  streams,  adhering  to  gi'ound  or 
fallen  leaves,  &c.,  gelatinous  green."  The  specimens  agree  well  with  the  descrip- 
tion of  the  European  form,  except  that  I  have  never  seen  the  joints  globose  or  ellip- 
tical, but  always  cylindrical,  as  they  are  said  to  be  sometimes  in  the  typical  speci- 
mens. The  color  of  the  spores  also  is  not  "fuscous,"  but  that  probably  depends 
upon  their  not  being  fully  mature. 

Fig.  7,  pi.  2,  represents  the  spore  of  this  species  with  the  neighboring  hetero- 
cyst,  magnified  750  diameters. 

C  comatnm,  Wood  (sp.  nov.) 

C  terrestre,  stratnm  geJatinoEum  serogineum  interdam  bmnneo  tinctum,  formans;  trichomati- 
bus  flexuosis,  intricatis,  haud  spiralibus,  ojqualibua ;  articulia  breve  cylindraceia,  diaractro 
fequalibus  ad  plna  duplo  longioribus,  plerumque  sejuactis,  palUde  terugineis,  obscure  granu- 
latis ;  cellulis  terminalibus  snbglobosis ;  sporis  oblongo-cjlindricis,  diametro  fere  dupio  longi- 
oribus, granulatis,  luteo-bruuueis ;  membrana  crassa,  distincte  granulata. 

Diain — Spor.  transv.  TsSffu"  =  .00042".     Long.  ,aVfnt"  =  .00092".     Artie.  .0001". 

Hah. — lo  terra  uda;  Siagara,  Canada. 

Growing  on  the  ground,  forming  a  gelatinous  stratum  of  an  teruginoua  color,  sometimes  tinged 
rith  brown;  filaments  flesuous,  equal,  intricate,  not  spiral;  joints  shortly  cylin- 


drical, equal  to  or  more  than  twi 


obscurely  granulate,  terminal  cells  eubglobose  ;  spores   oblong-eylindrical,  about  twice   aa 


long  a3  broad,  granulate,  yellow 


s  the  diameter,  mostly  separated,  pale  terugiii* 


i-brown  ;  membrane  thick,  distinctly  granulate. 


Bemarlcs. — I  found  this  GyUndrospermum  growing  upon  the  ground  in  the 
marshes  which  border  the  Niagara  Kiver  just  above  the  Canadian  Falls.  It  formed 
a  bright,  afruginous,  gelatinous,  but  firmish,  almost  membranous,  stratum. 

The  filaments  are  often  quite  long,  and  are  composed  of  short,  cylindrical  cells, 
mostly  placed  rather  far  apart.  The  terminal  cells  are  remarkable  for  being  abun- 
dantly provided  with  long,  flexible,  hair-like  processes,  upon  the  ends  of  which  are 
minute  lobular  bodies  (cells?).  These  appendages  are  so  minute  as  to  make  it  diffi- 
cult to  determine  their  structure,  and  although  I  have  studied  them  with  a  ^^th 
immersion  lens,  giving  a  power  of  nearly  2500  diameters,  there  are  some  points 
about  them  still  undetermined,  I  do  not  know  whether  they  or  the  little  globules 
are  hollow  or  not.  I  do  feel  pretty  certain,  however,  that  the  little  globules  are 
distinct  bodies,  and  that  they  finally  drop  off,  leaving  the  naked  hair  behind.  Is 
it  possible  that  they  have  any  sexual  significance  ?  The  spore-wall  is  thick,  and 
iinder  a  high  power  is  seen  to  be  distinctly  granulate.  The  granules  are  of  course 
small,  but  in  the  perfected  spore  can  plainly  be  seen  with  an  eighth  objective  pro- 
jecting out  from  the  margin. 

Fig.  8,  pi.  2,  represents  the  spore-end  of  a  filament,  magnified  1375  diameters. 

Genus  DOLICHOSPERMUM,  Thwaites. 

SpoTfe  ellipticfe,  oblongse  ve!  cylindracete,  inter  cellulas  regetativas  ortae,  ssepe  in  seriebus  con- 
nexffi,  a  cellulis  perdurantibus  disjunctte. 

Spores  elliptical,  oblong,  or  cylindrical,  occurring  amidst  the  vegetative  cells,  often  connected  in 
eeries,  separated  from  the  heterocysts. 
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Syn. — Spharozyga,  (Auctokes,  partim.) 

Dolichospermum,  Thwaite's  MSS.     Mr.  J.  Kalfb  on  the  Nostochinece,  Ann.  Mag. 
Nat.  Hist.  1850,  p.  335. 

Eemarlcs. — This  genus  differs  from  Sphmrozyga  in  that  the  spores  have  no  rela- 
tion, in  regard  to  position,  with  the  heterocysts.  Professor  Rahenhorst,  in  his 
Flora,  does  not  acknowledge  it;  but  it  is  very  evident  that  he  haa  neither  seen 
the  original  paper  of  Mr.  Ralfs,  nor  the  species  upon  which  the  genus  was  founded, 
for  he  mentions  none  of  the  latter,  either  as  good  species  or  synonyms,  and  the 
memoir  itself  is  not  included  in  his  bibliographical  list.  The  generic  characters 
given  by  myself  are  essentially  those  of  the  original  description,  with  the  excep- 
tion that  the  filaments  in  tlie  latter  are  said  to  be  aggregated  into  a  stratum,  which 
is  not  true  of  the  American  forms  herein  described. 

D.  subrigidum,  Woos. 

S.  natans;  trichomatibaa  singulis,  rectis  aut  subrectis,  minimis,  dilute  viridibus;  artieulis 
cyliniJraceis  aut  subglohosis,  diatinctis ;  sporis  eylindraceis,  in  medio  gradatim  nonnihil 
eonstrictis,  singulis  ant  duplieis,  sine  cellnlis  perdurantibus  inter  se ;  cellulis  perduraotibua 
breve  cyliiidraceia,  singulis,  distinctis. 

Syn. — Sphwroziga  Bubrigidum,  Wood,  Prodromns,  Proc.  Amer.  Fhilos,  Soe.,  1809,  p.  123. 

JHam—Cell  veg,  trans.  ^^\^"  ==  .OQOU"  ■  spor.  transv.  ^^/'—jji^,/' =  .00023"— .00022"  j 
long.  i5'55"  =  . 00066";  cell.  perd.  transv.  ^j'^j"  =  .00022". 

Sab. — In  staguis  prope  Philadelphia, 

S.  Floating;  filaments  single,  straight  or  straightish,  very  small,  light  green;  articles  cylin- 
drical or  snbglobose,  distinct;  spores  single  or  double,  in  the  middle  gradually  a  little  con- 
stricted, not  having  a  heterocyst  between  tbem  ;  heterocysts  shortiy  cylindrical,  single, 
distinct 

Remarhs. — I  have  found  this  species  growing  in  the  scum  floating  upon  the 
ditches  below  the  city.  The  filaments  are  always,  as  I  have  seen  them,  scattered. 
They  seem  always  to  be  nearly  straight,  or  entirely  so,  and  indeed  preserve  their 
straightness  so  constantly  as  to  suggest  the  name  given  the  species.  The  spores  are 
very  distinct,  and  all  that  I  have  seen  were  greenish,  cylindrical,  and  constricted  in 
the  middle,  so  that  their  sides  are  concave.  Their  position  does  not  seem  to  be 
uniform,  any  further  than  that  they  are  amongst  the  ordinary  cells.  The  heterocysts 
are  large,  almost  equalling  the  spores  in  diameter;  1  have  never  detected  hairs  on 
them.  This  species  appears  to  be  most  nearly  allied  to  D.  Thwaitedi  of  Ralfs,  from 
which  it  differs  in  not  forming  a  stratum,  and  in  the  great  proportionate  diameter 
of  the  heterocysts.     I  have  never  seen  any  measurements  of  D.  Thwaitesii. 

Fig.  2,  pi.  3,  is  a  filament,  magnified  975  diameters. 

D.  polysperma,  (Etz.) 

S.  trichomatibns  plemmqne  snbsolitariis,  sed  interdum  consociatis  et  intricatis,  dilute  ciernleo- 
viridibus,  snbrectis  ant  varie  curvatis  et  flexuosis ;  artieulis  aut  subsphtericis  aut  breve  cyjin- 
dricis;  cellulis  perdurantibus  globosis  aut  latissime  ellipticis,  articulorum  diametro  paulo 
ve]  duplo  majoribus;  sporis  plus  minus  elongatis,  cylindraceis — in  mtate  immatura,  sparse 
granulatis,  dilute  Qteruleo-viridibiis,  et  cum  membrana  baud  distincta, — in  setate  mat ura  dense 
granulatis  et  cum  membrana  subcrassa. 
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JKam.— Artie.  5,^05"  ""  -00016"  ;  spor.  tsUit"— islW  =  .00036"— .00033". 

8yn. — S.  Carmichmlii,  Habvev,  Pliycol.  Brittanica,  T.  csiii. 

S.  polysperma,  (Ktz.)    Rabenhorbt,  Flora  Europ.  Algarum,  Sect.  II.  p.  192. 

EtA. — In  stagnis,  New  Jersey. 

S.  filaments  mostly  subsolitary,  but  sometimes  associated  and  iuterwoyen  together,  light  bluish- 
green,  straightish,  or  variously  curved  and  fiexuoua ;  articles  either  subspherical  or  shortly 
cylindrical ;  heterocysts  globose  or  very  broadly  elliptic,  a  little  larger  to  twice  as  large  in 
diameter  as  the  ordinary  joints  ;  spores  more  or  less  elongate,  cylindrical,  in  the  uncertain 
condition  sparsely  granulate,-  light  bluish-green,  with  the  membrane  not  distinct,  iu  the 
mature  state  densely  granulate,  and  with  a  thickish  membrane. 

Remarks, — I  found  this  species  growing  in  a  brownish  jelly,  with  various  other 
algse,  in  a.  pool  east  of  Camden,  New  Jersey.  The  filaments  were  mostly  scattered, 
but  in  some  places  numbers  of  them  were  collected  in  little  masses.  In  some  fila- 
ments almost  all  the  cells  were  developed  into  spores,  so  that  a  single  thread  con- 
tained ten  or  even  more  spores.  In  by  far  the  larger  number  of  such  cases  there 
was  between  each  pair  of  spores  a  heterocyst ;  sometimes,  however,  the  latter  was 
wanting,  and  the  spores  would  be  attached  to  one  another. 

My  specimens  differ  somewhat  from  the  European  form,  but  are  too  close  to 
separate  from  them.  They  equally  resemble,  however,  S.  CaiinichmlU.  Indeed,  I 
cannot  see  any  sufficient  reason  for  separating  the  species.  S.  Carmichcdii  is,  to 
be  sure,  a  salt-water  plant.  I  have,  however,  received  specimens  collected  by  Dr. 
Lewis,  near  Stbnington,  which  I  believe  grew  in  salt  water,  and  which  agree  in 
every  respect  with  my  fresh-water  specimens. 

Fig.  3,  pi.  3,  represents  a  portion  of  a  filament,  magnified  750  diameters. 

Family  RIVULARIACE^. 

Thallus  gelatinosus,  mollis  vel  induratus,  vc!  crastaceus,  interdum  calce  impletus,  subglobosus 
vel  amorphui.  Trifhomata  ad  oseillarium  raorem  artieulata,  vaginata,  sed  interdum  Ktate  provecta 
cum  vagi II id  in  gelatiiiam  matricaieia  confluentibus  et  baud  visibilibns,  simplieia  vel  pseudoramosa, 
Buperne  attenuata,  saapiua  in  apicem  piiiformem  longe  producta,  parallela  vel  radiatim  disposita, 
cellula  basale  hyaliua  globosa  et  interdum  cellulis  interstiallbus  inatructa.  Sporte  {manuhria,  Ktz.), 
Bingulse  plerumque  inter  celiulam  perdurantem  basilarem  et  cellulas  vegetatlvas  positte,  ssepe  per- 
raaguse,  eylindricse,  plerumque  paehydermaticffi. 

Vegetatio  terminalis.     Propogatio  sporis  tianquillis. 

Thallus  gelatinous,  soft,  or  indurated,  or  crustaceous,  sometimes  fdled  with  lime,  subgiobose  or 
amorphous.  Trichomata.  articulated  like  an  oscillatoria,  vaginate,  but  sometimes,  when  old,  with 
the  sheaths  confluent  in  the  maternal  jelly  and  not  visible,  simple  or  pseudoramose,  attenuated 
above,  often  with  the  apex  prolonged  into  a  long  hair,  parallel  or  radiately  disposed,  furnished  with 
globose  hyaline,  thick-walled  basal  cells,  and  sometimes  with  interstitial  cells.  Spores  cylindrical, 
generally  placed  between  the  basal  and  vegetative  cells,  often  very  large,  mostly  with  thick  coats. 

Vegetation  tranquil.     Propagation  by  means  of  tranquil  spores. 

RemarTcs. — In  the  Rivulariacece  the  thallus  is  always  small ;  but  is  most  gene- 
rally in  the  various  species  somewhat  definite  in  form  and  size.  Its  consistency  in 
our  North  American  forms  varies  from  that  of  an  exceedingly  soft,  formless  jelly 
to  that  of  a  gristly  mass.  The  maternal  jelly  is  usually  colorless,  sometimes  brown- 
ish or  yellowish.     There  is  never  any  condensation  of  the  outer  portion  of  the 
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frond  into  a  periderm.  The  filaments  commonly  radiate  from  the  centre  to  the 
circumference ;  sometimes,  especially  in  the  softer  fronds,  they  are  simply  parallel 
with  one  another.  The  sheaths  vary  in  their  hreadth,  firmness,  and  distinctness. 
These  little  plants  grow  chiefly  in  the  water ;  some  species  are  said  to  live  in 
the  air  in  exceedingly  damp  places,  hut  I  have  not  as  yet  met  with  any  such. 
They  appear  to  prefer  cold  climates,  although  I  have  received  specimens  from 
South  Carolina.  With  us,  I  have  only  found  them  in  the  late  autumn  and  winter 
months.  As  to  their  life-history  very  little  appears  to  he  known;  I  have  not  heen 
able  to  make  any  observations  myself  upon  this  point,  nor  to  obtain  access  to  the 
papers^  by  De  Bary,  almost  the  only  sources  of  such  information,  and  therefore 
pass  by  the  subject. 

Genus  NOSTOCIIOPSIS,  Wood. 
Triehoniata  ramosa  cum  cellulis  perduraiitibus  aiit  in  lateribcs  sessilibus  aut  in  ramulorum  brevissi- 
inorum  apicibus  dispositis.     Yagince  nnllce.     Thallus  deSnitus. 

Syn. — N'ostochopsis,  Wood,  Prodromna,  Proc.  Anier.  Philos.  Soe.,  1809. 
Thallns  definite ;  filament  branched  ;  hcterocjsts  sessile  upon  the  sides  of  tbe  filaments,  or  raised 
upoQ  the  apices  of  short  branches ;  sheaths  none. 

Remarhs. — The  curious  plant  upon  which  this  genus  is  founded  has  the  habit 
of  a  nostoc.  The  outer  portion  of  the  frond  is  condensed,  so  as  to  give  the  appear- 
ance of  a  periderm ;  but  there  is,  in  reality,  no  true  periderm.  The  consistence 
of  the  thallns  is  that  of  a  firm,  gelatinous  mass.  The  trichomata  or  filaments 
radiate  from  the  inner  part  of  the  frond  towards  the  outer  surface,  hut  many  of 
them  take  their  origin  in  the  outer  portions  of  the  thallus.  In  most  places  they 
are  distinctly  articulated,  and,  indeed,  the  joints  being  swollen  and  moniliform,  in 
some  parts  they  almost  seem  to  be  composed  of  globular-cells,  resembling  some- 
what the  filaments  of  a  nostoc  ;  on  the  other  hand,  in, certain  portions  they  are  not 
at  all  articulated,  and  this  for  long  distances.  No  sheaths  are  anywhere  visible. 
The  heterocysts  are,  strangely  enough,  never  placed  in  the  continuity  of  the  fila- 
ments. Sometimes  they  are  sessile  immediately  upon  the  latter,  sometimes  they 
are  raised  upon  very  short  branches.  They  are  globose,  with  rather  thick  walls. 
Possibly,  however,  I  am  mistaken  in  believing  these  bodies  to  be  heterocysts,  for 
they  may  be  rather  of  the  nature  of  spores,  as  is  somewhat  indicated  by  their 
thick  walls,  and  often  apparently  dense  contents.  Their  round  shape,  and  the 
absence  of  anything  else  representing  heterocysts,  has  induced  me,  however,  so  to 
consider  them.  In  my  Prodromus  T  placed  this  plant'  provisionally  amongst  the 
nostocs;  but  the  radiation  of  the  fi,laments  from  within  outwards,  and  especially 
their  being  branched,  on  second  thought  seem  to  me  to  indicate  a  closer  relation 
with  the  Bivulariacem.  The  genus  appears  to  be  a  sort  of  connecting  link  be- 
tween the  two  families, 

'  "Flora,"  ]8e3. 
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nr.  lobatus,  Wood. 

N.  thallo  vivide  viride  aut  luteo-viride,  eavo,  euorniiter  tobato,  nataote,  modice  mngno,  firmo, 
gelatinoBO ;  tricbomatibus  pleruraque  loogia,  flexuosis,  dilute  viridibus,  plerumqiie  artieulatis, 
partim  in  artieulatis,  cylindricis  aut  sub-moniliformibus,  sparse  granulati?. 

J>(ajn.— Trichom.  t^Juj"  =  . OOOOC"— te'ujt"  ==  .00013"  ;  cell   perdum.  j^'jn"  =  .00026". 

Syn. — S.  lobatus.  Wood,  Prodromus,  Proc.  Amcr.  Philos.  Soc,  1869, 

Hab. — In  Schuylkill  Flmnine,  prope  Philadelphia. 

Thallua  bright  green  or  yellowish-green,  hollow,  irregularly  lobed,  floating,  moderately  large, 

firm,  gelatinous ;  fliaments  mostly  long,  flesuous,  dilute  green,  mostly  articulate,  partly  iuar- 

tieulate,  cylindrical  or  somewhat  moniliform,  sparsely  granulate. 

Remarks. — I  found  this  plant  floating  upon  the  Schuylkill  River  just  above 
Manayunk.  The  hollow  frond  was  buoyed  up  by  a  bubble  of  gas  contained  within 
it.  It  was  an  irregular,  flattened,  somewhat  globose  mass,  of  a  bright  green  color 
and  about  half  an  inch  in  diameter.  It  seems  very  probable  that  in  its  earlier 
condition,  it  was  a  solid  attached  frond.  The  long  slender  filaments  are  often  very 
tortuous,  but  run  a  pretty  direct  general  course  towards  the  outer  surface. 

Fig.  6  a,  pi.  3,  represents  a  section  of  the  frond  slightly  magnified ;  a,  I,  c,  por- 
tions of  filaments  magnified  800  diameters. 

Genus  GLOIOTEICHIA,  J.  Ag.  (1842.) 

Trichomata  e  planitie  orta  pseudoramosa,  distincte  t  agin  at  a ;  vaginse  amplte,  basi  plerumque 
aaccatK,  transverse  uadulato-plicatte,  plus  minus  constrictte,  apice  apertie,  non  laciniatte,  Sporae 
magote  cyiindricte. 

Filaments  springing  from  a  plane,  pseudoramose,  distinctly  yaginate ;  sheath  ample,  mostly 
saccate  at  the  base,  transversely  undulately  plicate,  more  or  less  constricted,  open  at  the  apex, 
not  laciniate.     Spores  large,  cylindrical. 

EemarJcs. — This  genus  was,  I  believe,  first  indicated  by  Professor  Agardh  in 
his  AIg<E  Maris  Mediterranei  et  Adriatici,  a  work  to  which  I  have  not  access. 
On  account  of  this,  and  also  because  I  have  not  seen  any  of  the  typical  species 
of  the  genus,  I  have  preferred  simply  copying  the  generic  characters  given 
by  Professor  Kabenhorst.  If  my  understanding  of  "  e  planitie  orta"  is  cor- 
rect, I  do  not  think  it  true.  Professor  Rabenhorst's  own  figure  of  Rivularia 
shows  that  the  filaments  do  not  all  arise  on  one  plane ;  although  he  asserts  the 
character  equally  for  that  genus.  In  our  American  species  the  filaments  do  not 
all  arise  on  one  plane,  nor  can  they  be  spoken  of  as  " paeudoramosa.^' 

Ci.  incrustala,  Wood. 

G.  globosa  vel  subovalis,  firma,  solida,  ad  pisi  minimi  magnitudincm,  dilute  viridis,  crystallo- 
phora;  tricbomatibus  rectis  aut  leviter  curvatis,  in  pilum  productis,  viridibus  ant  flavescen- 
tihns,  saepe  infra  Isete  viridibus  sed  supra  flavescentibus,  hand  ordinatim  artieulatis ;  articulis 
inferioribus  in  tricbomatibus  maturis  brevibus,  plerumque  eompressis ;  pilo  apicale  recto  aut 
leviter  cur vato,  plerumque  indistinete  articulate,  srepe  interrupto;  vaginis  amplis,  acbrois, 
saccatis,  interdum  valde  constrictis;  sporis  cylindricis,  stepe  curvatis.  diametro  ad  fl  plo  lon- 
gioribus  ;  cellulis  perdurantibus  sphEericis. 
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Biani. — Triuhom.  cum  vag.  Teinr" — tsWj  sporis  max,  75^55" — ^l%^f" ;  cell,  perd,  jzvjm"- 

Syn.—G.  incrustata,  Wood,  Prodronius,  Proc.  Amer.  Philos.  Soc,  1869,  p.  128. 

Sab. — Schaylkill  River,  plantas  aqnaticas  adharens. 

Frond  globose  or  suboval,  firm,  solid,  about  the  size  of  a  very  small  pea,  liglit  green,  crystal 
bearing  ;  filaments  straight  or  slightly  curved,  produced  into  long  hairs,  green  or  yellowish, 
sometimes  bright  green  ia  their  proximal  portions  but  yellowish  above,  not  regularly  articu- 
late; lower  articles  in  the  mature  filament  short,  and  generally  compressed;  apical  seta 
straight  or  slightly  carved,  mostly  indistinctly  articulate,  frequently  interrupted;  sheath 
ample,  transparent,  saccate,  sometimes  strongly  constricted ;  spores  cyliudrical,  frequently 
curved,  about  9  times  as  long  as  broad. 

Hemarks, — I  found  Uiis  species  growing  attached  to  some  little  plants,  either  in 
the  Schuylkill  near  Spring  Mills,  or  else  in  the  spring  itsolf,  I  do  not  know  which. 
The  roundish  fronds  varied  in  size  from  a  mustard-seed  to  that  of  a  half-grown 
pea.  They  were  of  a  decided  green  color,  but  appeared  grayish  from  the  amount 
of  carbonate  of  lime  in  and  upon  them.  The  larger  balls,  when  cut  in  two,  were 
distinctly  separable  into  a  central  and  cortical  part.  The  former  was  more  gela- 
tinous and  contained  fewer  of  the  filaments  than  the  latter.  The  filaments  mostly 
arose  in  sets  together,  i.  e.  there  were  one  or  more  zones  or  planes  in  which  the 
bases  of  the  filaments  were  placed  together.  This,  however,  was  not  strictly  the 
case,  as  there  were  almost  always  some  scattered  trichomata.  The  matured  fila- 
ments are  very  distinct.  Their  sheaths  are  very  large,  and  often  saccate,  with 
wavy,  loose-looking  margins ;  sometimes  they  are  suddenly  transversely  constricted, 
once  or  more  in  their  length ;  sometimes  they  look  as  if  a  tight  spiral  band  were  ' 
wound  around ;  sometimes  they  are  entirely  free  from  any  constrictions.  These 
sheaths  are  open  above,  appearing  as  though  they  had  been  melted  away.  The 
spore  is  long  and  cylindrical,  and  is  highly  granular.  The  endochrome  is  gene- 
rally articulated  below,  the  joints  are  often  so  nearly  globular  in  the  lower  portions 
as  to  give  a  moniliform  appearance;  sometimes  the  articles  are  compressed.  The 
upper  portion  of  the  trichoma  is  frequently  interrupted,  and  if  at  all  articulated 
is  very  irregularly  and  indistinctly  so.  The  younger  filaments  have  their  endo- 
chrome variously  and  irregularly  interrupted.  The  basal  cells  are  globular.  I 
believe  the  formation  of  new  filaments  and  the  consequent  growth  of  the  frond 
take  place  by  distal  portions  of  the  projecting  endochrome  separating  from  the 
parent  filament,  then  forming  a  basal  cell,  and  lastly  a  sheath.  (See  Plate  00.) 
The  carbonate  of  lime  does  not  exist  as  a  definite  incrustation,  but  in  the  form  of 
semi-crystalline  masses  scattered  through  the  frond.  This  species  seems  to  come 
closer  to  G.  horyana  than  any  described  species,  from  the  description  of  which  it 
differs,  in  the  color  of  thallus,  in  the  latter  being  always  solid  (at  least  so  I  have 
found  it  late  in  the  fall,  when  the  spores  were  fully  perfected),  in  its  habit  of  in- 
closing crystals  of  carbonate  of  lime,  in  the  curved  spores;  and,  doubtless,  a  com- 
parison of  the  specimens  would  show  still  more  important  differences. 

Fig,  4  a,  pi.  3,  represents  a  section  of  a  frond  moderately  magnified ;  fig.  4  h, 
the  basal  end  of  a  filament  magnified  460  diameters ;  fig.  8  c,  filaments  magnified 
260  diameters. 
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G.  anffulosa,  (Roth.)  J.  Aoh. 

G-.  globoso-angulosa,  cava,  viridi-fuscesceas,  ad  cerasi  magiiitudinem  j  trichomatibus  strictis, 
torulosis,  suiierne  leviter  flosuosis,  paasim  inlerruptis;  artioulia  ioferioribus  plus  minus 
corapressis,  diaraetro  duplo  triplove  longioribus  ;  vagiais  amplis,  achrois  hie  illic  leviter  con- 
strictis;  sporia  plus  raiiiua  elongatis,  oblongo-ovatis  vel  ellipsoideo-cyliQdricis,  diainetro  3-6- 
10  plo  longioribua,  Krugineo-fuaeeseentibus,  noununquam  leviter  curvatis,  cytioplasmate  aub- 
tiliter  granuloso,  turbato.  (R.)    Species  mihi  ignota. 

2)iam.— Cell.  perd.  0.00036"— 0.0005".     Spor.  mas.  0.00059".     (R.) 

Syn. — (?.  angulosa,  (Both.),  J.  Aqardh.,  Rabenhorst,  Flora  Europ.  Algarum,  Sect.  II.  p.  201. 

Sab. — Hudson  River  prope  West  Point.  (Railey.) 

Globose  angular,  hollow,  gre  en  i  ah -fuscous,  attaining  the  size  of  a  cherry ;  filaments  strict,  toru- 
lose,  above  somewhat  flexuose,  here  and  there  interrtipted ;  inferior  joints  more  or  lesa  com- 
pressed, 2-3  times  longer  than  their  diameter ;  sheath  ample,  colorlesa,  here  and  there  slightly 
constricted;  spores  more  or  less  elongate,  oblong-ovatc  or  ellipsoidal-cylindrical,  3-6— 10 
times  longer  than  the  diameter,  eeruginous-fnscous,  somotiracs  slightly  curved,  cytioplaam 
very  minutely  granulate. 

Genus  RIVULAEIA,  (Koth.)  Agh. 

Thallus  et  trichomata  cadem  quifi  Gloiotricba,  sed  vagina  arctissirase,  sspe  in  gelatinam  matri- 
calem  confluentes,  quasi  quIIk. 

Thaflua  and  filaments  similar  to  those  of  Gloiotricha,  but  the  sheaths  very  close,  often  confluent 
in  the  gelatinous  matrix  and  apparently  wanting. 

Remarlcs. — The    characters    given    above    are    those  of  Professor  Kabenhorst. 
Flora  Europ.  Algarum,  Sect.  \\.  p.  206 
R.  carlilagineaj  Wood. 

Er.  subglobosa,  parva,  cartiSaginoa,  saturate  brunnea  vol  subatra,  Politaria  in  plantis  aquaticis  : — 
trichomatibus  matnris-stcrilibus,  rectis  aut  subrectia,  cylindricis,  elongatis,  haud  articnlatis; 
cytioplasmate  atepe  Interrupto;  Taginis  arctis  et  diatinctis;  cellulis  perdurantibus  globoais, 
diaraetro  aubffiqualibus : — trichomatibus  fertilibua — rectis  aut  subreetis,  supra  spora  cellulis  8-9 
inatructis;  sporis  elongatis,  rectis, cylindricis;  vaginis  nonnihil  crassis,  arctis; — trichomatibus 
immaturis  breve  artieulatis ;  vaginis  subampUs. 

ZJiam.— Trich.  cum  vag.  juVu";  spor  ^gVo"- 

Syn.—B  carlilaginea,  Wood,  Proc.  Am.  Philos.  Soc,  1869,  p.  128. 

Sab. — In  palude,  Northern  Michigan. 

Froad  snbglobose,  small,  cartilaginons,  deep  brown  or  blackish,  solitary  upon  aquatic  plants ; 
raature  sterile  filaments,  cylindrical,  elongated,  not  articulated,  their  cytioplasm  frequently 
interrupted,  their  sheaths  close  and  distinct,  their  heterocysts  globose  and  about  equal  to 
them  in  diameter;  fertile  filaments  straight  or  neariy  so,  above  the  spores  furnished  with  8  or 
9  cells ;  spores  elongate,  straight,  cylindrical ;  sheaths  rather  thick,  close ;  immature  filaments 
shortly  articulate,  their  sheatbs  rather  large. 

Remarlcs. — The  frgnd  of  this  species  grows  attached  to  the  leaves  of  water-plants, 
and  has  its  under  side  markedly  flattened  so  that  it  is  somewhat  semi-globose.  The 
filaments  which  compose  the  mass  of  the  very  firm  frond  are  elongated,  cylindrical, 
and  of  nearly  or  entirely  uniform  diameter  throughout.  The  sheaths  arc  close, 
distinct,  rather  thin,  open  above,  and,  in  many  instances,  almost  or  even  entirely 
empty.  Scattered  amongst  such  filaments  are  the  fertile  ones.  These  have  at 
theil  base  an  elongated  cell,  in  which  is  the  long  cylindrical  spore,  which  varies 
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very  greatly  iu  length  in  the  various  filaments,  but  is  almost  always  shorter  than 
the  cell  containing  it.  Just  beyond  the  spore  is  a  series  of  distinct,  variously 
shaped  cells,  about  seven  in  number,  which  are,  as  I  have  seen  them,  empty.  Iti 
the  outer  portions  of  the  frond  occur  what  I  believe  to  be  young  filaments.  These 
are  distinguished  by  their  rapidly  decreasing  in  diameter  towards  their  distal  end, 
by  their  being  distinctly  articulated,  by  their  basal  cell  not  being  distinctly  sepa- 
rated as  in  the  older  filaments,  and  by  their  sheaths  being  more  ample. 

These  various  filaments  composing  the  fronds  do  not  arise  from  any  one  place, 
but  commence  at  very  different  distances  from  the  centre,  and  pursue  a  more  or 
less  straight  course  to  the  circumference  of  the  frond,  from  which  they  often  project. 

Fig.  9,  pi.  3,  represents  a  section  of  the  frond  moderately  magnified;  fig.  9  b,  is 
a  drawing  of  the  basal  part  of  a  filament  magnified  800  diameters. 

Genus  ZONOTRICIIA. 

Tlialli  pulvinato-licmisphierici,  ssepe  confluentes,  calce  prregnantes,  plus  minus  indurati,  basi  plani 
aClixa,  state  prove  eta  plorumque  exeavati,  intus  zonati;  zonis  concentricis,  variegatis;  trichoniata 
pseud  Oram  03  a,  gracilia,  insequalia,  apiee  hyalina  et  plus  minus  longe  cuspidata  vel  in  pilam  produeta. 
Vaginie  firmfe,  homogeneEe  vel  longitudinaliter  plicato-fibrillosEe,  apic'e  integrte  vel  dilatatffi  et  in 
fibrillas  Bolutce.     Sporse  ignotse. 

Thalli  pulvinately  hemispherical,  often  confluent,  impregnated  with  lime,  and  more  or  less  indu- 
rated, fixed  by  the  flattened  base,  in  advanced  age  mostly  excavated,  zoned  within ;  zones  eoneentric 
variegated ;  filaments  pseudoramose,  slender,  nnequa],  their  apices  hyaline  and  more  or  less  cnspid- 
ate  or  prolonged  into  a  hair;  sheaths  firm,  homogeneous,  ov  longitudinally  plicately  fibrillose,  their 
apices  entire  or  dilated  and  dissolved  in  fihrillEe.     Spores  unlinown. 

Z.  mollis,  Wood  (sp.  iiov.) 

Z.  interdum  subh^raispherica  sed  gregaria  et  in  stratum  nonnihil  mammillosum  confluens, 
submollis,  einerea  vel  griseo-earnea,  parcezonata ;  trichomatibus  longissimis,  angustis, 
flexuosis;  vaginis  arctis,  decoloratis,  non  fibrosis,  firmis;  trichomatibus  internis  artioulatis, 
Sfepe  interruptis ;  articulis  disjunctis,  diametro  fequallbus  ad  i  plo  longioribus ;  cellulis 
perduraotibus  singulis  globosis. 

Diam— Trieh.  c.  v.  y^fg/  =  .OOOlt".     Sine  vag  t^oub"  =  -000084". 

Hab. — In  saxis  iiToratis,  "Cave  of  the  Winds,"  Niagara,  Wood. 

Z.  sometimes  subsemi spherical  but  gregarious  and  confiuent  into  a  somewhat  mammillate,  rather 
soft  stratum,  ashy  or  grayish  fiesb-colored,  sparsely  distinctly  zoned;  filaments  very  long, 
narrow,  flexnous ;  sheaths  elose,  colorless,  not  fibrillose,  firm;  intenial  filament  articulated, 
often  interrupted ;  joints  separated,  equal  to  i  times  longer  than  the  diameter  j  heterocysta 
single  globose. 

RemarJcs. — Every  American  tourist  is  familiar  with  that  most  wonderful  spot,  the 
so-called  "  Cave  of  the  Winds,"  at  Niagara.  It  is  simply  a  place  where  it  is  possible 
to  go  underneath  a  portion  of  the  great  cataract,  and  then  round  upon  the  rocky 
debris  outside  of  it.  Growing  upon  these  rocks,  eternally  wet  and  glistening  with 
foam  and  spray,  I  found  this  and  the  following  species.  The  present  form  was 
much  the  most  abundant,  making  a  slippery,  grayish,  or  grayish  flesh-colored  coat- 
ing to  many  of  the  rocks,  dotted  here  and  there  with  the  rigid,  blackish  fronds  of 
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its  fellow.  This  coating  was  not  at  all  uniform,  but  was  covered  with  mammillated 
masses,  and  consequently  varied  from  two  to  six  lines  in  thickness.  Internally,  it 
was  striated  or  radiated,  but  not  so  evidently  as  the  following  species,  and  presented 
several  distinct  variegated  zones.  It  was  quite  soft  to  the  touch,  as  well  as  readily 
broken  or  crushed,  and  under  the  microscope  was  seen  to  contain  very  little  lime 
salt.  When  dried  it  has  a  pronounced  sebaceous  appearance.  The  filaments  com- 
posing it  are  remarkable  for  their  great  length,  often  apparently  running  from  the 
bottom  to  the  top  of  the  frond.  They  are  rarely  if  ever  branched,  and  appear 
never  to  he  furnished  with  any  heterocysts  save  at  their  enlarged  base.  I  have 
never  seen  any  distinct  hairs  terminating  them,  their  ends  always  appearing  broken 
and  open.  They  are  often  quite  flexuous  or  even  tortuous.  The  internal  filament 
is  remarkable  for  having  its  articles  so  distinctly  separated.  It  is  often  very  much 
interrupted,  and  in  specimens  preserved  in  carbolic-acid  water  is  of  an  orange-brown 
color. 

Fig.  3,  pi.  4,  represents  a  single  filament  magnified  2613  diameters. 

Z.  pnrcezonnta,  Wood,  (&p.  nov.) 

Z.  nigro-viridis,  enormiter  semioTalia,  ad  6"  longa,  dura,  lubrica,  non  fragilis,  calce  prtegnana, 
intus  a  basi  distincte  radiata,  parce  et  siepe  obsolete  zoiiata ;  triehomatibus  modice  iongis, 
sulreetis;  trichomatibua  internis  cylindrieis  inarticulatis  vel  articulatia,  et  interdum  monili- 
formibus;  artieulis  Iongis  et  cyliadricis  vel  brevibus  et  globosisj  vaginia  amplia,  fibrillosis ; 
cellulis  perdurantibus  baaalibus  et  interjectis,  his  oblongis  vel  cjlindricia,  illis  giobosis  et 
Hsepe  gemiuis. 

iJiam.— Cell.  perd.  basal.  Bj?5g"=.00017";  trielioin.  cum  vag.  ^^^"—g^^j^^" =.00025"— M03T'. 
Sine  vag.  .00006"— .00008''. 

Bab. — In  saxis  irroratis.     "  Cave  of  the  Winds,"  Niagara. 

Var. — Z.  cinerea. 

Blackish  green,  irregularly  semiova),  to  6  lines  long,  hard,  slippery,  not  fragile,  impregnated  with 
lime,  internally  distinctly  radiate,  sparsely  and  often  obaoletely  zoned;  filaments  moderately 
long,  straightish;  internal  filament  cylindrical,  not  articulated  or  articulated,  sometimes  monili- 
form ;  joints  long  and  cylindrical,  or  short  and  subglobose ;  sheath  ample,  fibrillose  ;  hetcrocyats 
basal  and  interposed  in  the  body  of  the  filament;  the  former  globose,  often  geminate ;  the 
latter  oblong  or  cylindrical. 

Far.— Cineritious  in  color. 

Remarks. — I  found  this  plant  growing  on  rocks  as  glossy,  blackish,  very  hard  and 
slippery  fronds  or  masses,  which  varied  in  size  from  that  of  very  small  shot  to 
nearly  half  an  inch  in  length.  The  larger  ones  were  not  nearly  so  high  as  long, 
and  presented  irregular,  almost  bossellated  upper  surfaces.  The  filaments  are 
often  very  evidently  and  frequently  pseudoramose.  The  external  surface  of  the 
broad  sheath  is  covered  with  numerous  fibrillse,  which  envelop  and  seem  sometimes 
to  wrap  it  round  and  round.  The  color  of  the  frond  internally,  when  broken,  is 
mostly  a  dark  chocolate,  and  the  surface  presents  a  radiated  appearance,  with  but 
two  or  three  zones  at  most,  and,  in  the  very  dark  specimens,  even  these  are  not 
evident.  No  signs  of  spores  have  been  found.  Certain  specimens  which  I  ob- 
tained growing  with  the  others,  instead  of  being  blackish  in  color,  are  grayish,  but 
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agree  in  all  other  respects  with  their  fdlows.  This  gray  color  depends,  I  believe, 
upon  the  deposit  of  an  immense  quantity  of  lime  salts,  which  in  such  specimens 
constitute  by  far  the  larger  portion  of  the  frond. 

Fig.  4,  pi.  4,  represents  a  section  of  frond,  sHghtly  magnified. 

It  is  either  this,  or  the  preceding  species,  which  is  referred  to  by  Professor 
Bailey  in  Silliman's  Journal,  vol.  iii,  under  the  name  of  Bivvlaria  calcarea,  Sm. 
The  present  form  may  possibly  be  that  plant,  but  not  having  been  able  to  find  any 
description  sufficiently  well  made  out  to  make  identification  possible,  I  have  de- 
scribed both  species  as  new. 

Z  ininntula,  Wood,  (sp.  nov.) 

Z.  minutissima,  iiigro-viridis,  subglobosa,  haud  distincte  zonata,  nonniMl  mollis,  muscicola,  calce 
non  priBgnans;  trichomatibus  internis,  breve  articulatia,  distinct issime  fasciculivtim  pseudora- 
mosis ;  vaginis  crassia,  amplis,  saipe  dilute  anrantiaco-brunneis,  apice  plerumque  coloris 
expertibua  fissis  et  apertis;  cellulis  perdurantlbus  oyato-globosia. 

IHam.—Tnch.  interu.  .00012"— .00021"  ;  cell.  pcrd.  .00035." 

Hab.—ln  lacu,  "  Clear  Poud,"  moscls  affixa,  Adirondack  Monutains. 

Very  small,  blackish-gi-een,  subglobose,  not  distinctly  zoned,  rather  soft,  growing  on  mosses,  not 
impregnated  with  lime  ;  internal  filaments  shortly  articulate,  very  distinctly  fasciculatcly  pseu- 
doramose ;  sheaths  thick,  ample,  often  pale  orange-brown,  with  their  apices  mostly  colorless, 
torn  and  open  ;  heteroeysts  ovately  globose. 

Remarks. — The  locality  in  which  I  found  this  plant  is  in  the  heart  pf  the  Adi- 
rondack wilderness.  The  little  frond  in  none  of  my  specimens  is  larger  than  a 
mustard-seed,  and  is  not  distinctly  zoned.  The  plants  were  collected  in  the  begin- 
ning of  July,  and  very  possibly  are  not  fully  grown,  as  the  season  of  general  growth 
opens  very  late  in  its  parent  lake.  Very  possibly,  later  in  the  year,  it  may  be  found 
larger  and  distinctly  zoned.  The  general  appearance  of  the  plant,  the  character 
of  its  sheath,  and  the  marked  branching  habit  of  the  filaments  have  caused  me  to 
place  it  in  this  genus. 

Genus  DASYACTIS,  Ktz. 

Thallus  gclatinosus,  mollis,  non  zonatus.  Triclioraata  raatura  sfepe  haud  vaginata.  Sporfe 
no  life. 

Thallus  gelatinoas,  soft,  homogeneous,  not  zoned.  Mature  filaments  often  Dot  vaginate.  Spores 
absent. 

»-  mollis,  Wood. 

D.  parra,  ad  magnitudioem  pisi  minimi,  enormiter  snbglobosa,  mollis,  gelatinosa,  dilute  viridis ; 
trichomatibus  plerumque  subrcctis,  partim  distincte,  partim  indistincte  articulatis;  vaginis, 
in  trichomatibus  maturis  haud  visibilibus,  in  trichomatibus  juvenibus  supra  subamplis;  cel- 
lulis perdurantibus  sub-giobosls,  globosis,  vel  ellipticis,  diametro  duplo  majoribus,  plerumque 
singulis  sed  Interdum  bi  vel  triseriatis. 

Diam. — Tricb,  gfrVo" — jbcu";  *'^"-  perd.  uVij"- 

Syn. — D.  mollis,  Wood,  Prodromus,  Proc.  Amer.  Philos.  Soc.,  1869,  p.  128. 

Sab. — In  palude  plant'aa  aquaticas  adhserens,  Northern  Michigan. 
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Frond  small,  aboat  the  size  of  a  small  pea,  irregularly  subgloboae,  soft,  gelatinous,  light  green  ^ 
filaments  generally  slraightish,  partly  distinctly,  partly  indistinctly  articulate  ;  sheaths  in  the 
mature  filament  not  perceptible ;  in  the  jonng  filaments  rather  large  in  the  upper  portion  ; 
heterocysts  subglobose  or  globose  or  elliptic,  twice  as  large  as  the  filament,  generally  single 
but  sometimes  bi  or  tri-seriate. 

Remarks. — I  found  this  species  growing  attached  to  the  little  leaves  of  various 
minute  cryptogamic  and  phanecrogamic  water-plants,  in  a  small  bog,  near  the 
mouth  of  Carp  Eivcr,  in  Northern  Michigan.  The  frond  is  somewhat  translucent, 
with  a  slightly  greenish  tint,  and  has  a  soft,  gelatinous  consistency.  The  matured 
trichoma  or  filaments  are  more  or  less  radiating,  very  long,  generally  nearly  straight 
and  parallel.  Their  joints  or  articles  are  long,  mostly  not  very  distinctly  separated, 
and  often  are  entirely  wanting.  The  sheaths  are  entirely  lost,  no  traces  of  them 
being  perceptible.  They  seem  to  he  altogether  melted  down  into  the  homoge- 
neous jelly,  in  which  the  filaments  are  imbedded.  The  basal  cell  is  large,  mostly 
globular,  and  very  prominent.  On  the  edges  of  the  frond  may  frequently  be  seen 
small,  evidently  immature  filaments,  which  have  no  distinct  basal  cell.  Around 
the  basal  portion  of  these  young  trichoma  there  is  a  well-marked  close  sheath, 
which  near  the  apex  is  wanting.  In  their  immature  filaments  the  joints  are  mostly 
very  short,  rather  distinctly  separated,  almost  globular. 

Fig.  5,  pi,  4, 

Genus  MASTIGONEMA,  Sghwabe, 

Triehomata  articulata,  sursum  flagclliformia  vel  subulata,  simplicia  vol  pseudoramosa  (nonnunquam 
faseiculatim  pseudoramosa),  procumbentia  tgI  erecta,  in  thallo  indistincto  ctespitoso-aggregata ; 
vaginse  arctie  et  homogenete  vel  amplffi  et  plus  minus  distincte  lamelloaai,  apice  plerumque  apertai, 
interdum  laciniatEC. 

Filaments  articulate,  superiorly  flagelliform  or  subulate,  simple,  or  falsely  branched,  sometimes 
fascicnlately  so,  procumbent  or  erect,  e asspitosc I y  aggregated  into  a  sort  of  thallus ;  sheaths  close 
and  homogeneous  or  ample,  and  more  or  less  distinctly  lamellate,  the  apex  for  the  moat  part  open, 
Bometitnes  laciniate. 

M.  fertile,  Wood,  (sp.  nov.) 

M.  ctespitosnm,  cum  algis  alteris  intermixtuio ;  tricliomatihns  siniplicibus,  elongatis,  flexuoso- 
cnrvatia,  apice  truneatis;  trichomatibus  internis  viridibus,  scope  interruptis,  interdum  dis- 
tincte  articulatia  interdum  inarticulatis ;  articalis  diametro  3-5  plo  longioribus ;  vagiiiis  modice 
arctis,  firmis,  a^hrois,  crassia,  eoloris  expertibus,  apice  truneatis  et  apertis ;  sporis  cylindrieis, 
Bparsis,  in  filamento  unico  ssepe  pluribus,  in  cellulis  inclusis;  cellulis  perdurantibus  globosis, 
intei-dum  compressis  trichomatis  diametro  fere  ajquahbaa. 

Diam.—Fi\B.m.  ^^Vs"  *= -OOOSS";  epor.  ^^i^/ =  .000166". 

Hah. — In  stagnis.     Alleghany  Mountains,  Centre  County,  Pennsylvania. 

Ceespitose,  intermixed  with  other  algffi;  filaments  simple,  elongate,  flesuously  curved,  trun- 
cate at  the  apex;  internal  filament  green,  often  interrupted,  sometimes  articulated,  some- 
times not  articulate ;  joints  2-3  times  longer  than  their  diameter ;  sheath  moderately  close, 
thick,  firm,  transparent,  and  colorless,  truncate  and  open  at  the  apex;  spores  cylindrical, 
scattered,  each  contained  in  a  cell,  frequently  several  in  a  filament;  heterocysts  globose, 
sometimes  compressed,  about  equal  in  diameter  to  the  filament. 
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Eemarks. — I  found  this  plant  in  a  stagnant  pool  in  "  Bear  Meadows,"  forming  a 
filamentous,  fclty  mass  with  (Edogmiium  echinatum  and  other  algiB,  The  variously 
curved  and  interlaced  flexible  filaments  are  always  simple  and  of  uniform,  or 
nearly  uniform,  diameter  through  their  whole  length ;  excepting  that  in  some 
instances  there  are  small,  local,  bulbous  enlargements  of  the  sheath.  Though  the 
ends  of  the  filaments  in  aU  the  specimens  I  have  seen  are  abruptly  truncate,  it  is 
very  possible  that  in  the  young  trichoma  the  apex  is  prolonged  into  a  long  hair  as 
in  most  of  the  Mastigonema.  The  inner  filament  is  sometimes  very  distinctly  arti- 
culated, often,  however,  it  is  not  at  all  so.  The  sheaths  are  firm,  not  at  all  lamel- 
late, and  generally  project  beyond  the  inner  trichoma.  The  spores  are  cylindrical, 
yellowish,  with  a  pretty  distinct,  although  very  close  coat.  They  are  always  in- 
closed in  distinct  cells,  and  are  mostly  several  in  a  filament,  placed  at  intervals  in 
its  length. 

This  is  the  first  instance,  at  least  that  I  know  of,  in  which  a  species  of  this 
genus  has  been  found  in  fruit,  and  it  is  interesting  to  note  the  resemblance  of  the 
spores  to  those  of  the  more  commonly  fruiting  rivularias.  At  the  same  time  the 
peculiar  arrangement  of  the  spores  is  remarkable,  and  if  the  othei  species  of  Mas- 
tigonema should  be  found  to  have  the  more  common  exclusively  basal  arrangement 
of  spores,  I  think  it  would  afl'ord  good  ground  for  considering  M.  fertile  as  the  type 
of  a  new  genus.  Moreover,  the  filaments  are  not  united  into  a  distinct  thallus,  and 
also  want  the  a'pical  htdr  oi  Mastigothrix,  so  that  it  is  very  probable  that  they  represent 
an  undescribed  genus.  XJutil,  however,  the  fructification  of  the  European  species 
is  elucidated,  it  seems  best  to  forbear  multiplying  names. 

Fig.  1,  pi.  4,  represents  a  single  filament  of  this  species, 

M.  halos,  Wood,  (sp.  Aov.) 

M.  etespitulis ;  trichomatibus  simpHcibus,  in  letate  matura  valde  elongatis  et  cum  vaginis  trun- 
catis  et  apertia, — in  astate  immatura  raodice  breyibna  et  in  setara  modiee  longam  atliroam 
productis ;  trichomatibus  intemis  breve  articulatis,  subtiliter  granulatis  continuis  vel  varie 
inteirnptis ;  yagiuia  firmis,  modiee  crassis,  stepe  distincte  lamelloais,  coloris  expertibuB ;  cel- 
lulis  perduvantibus  subglobosi^ 

Diam. — Sine  vag.=  .0003" ;  enm  vag.=  .0005". 

Sab. — In  festuario,  Stonington,  Conn.  (Dr.  F.  Lewis.) 

In  little  tufts  J  filaments  simple,  in  mature  state  greatly  elongate,  and  with  the  sbcatb  truncate 
and  open, — in  the  young  condition  shorter  and  often  ending  in  a  ratber  sbort  seta;  internal 
filament  shortly  articulate,  minutely  granular,  continuous  or  variously  interrupted ;  sheath 
firm,  ratber  thick,  often  distinctly  lamellated,  colorless ;  heterocysts  subglobose. 

BemarJcs. — This  species  is  an  inhabitant  of  salt,  or  at  least  brackish  water,  having 
been  collected  In  Stonington  Inlet  by  Dr.  Frank  Lewis.  The  filaments  are  very 
long  and  always  simple ;  forming  apparent  exceptions  to  this,  1  have  seen  once  or 
twice  a  number  of  young  filaments  so  united  as  to  give  the  appearance  of  having 
been  produced  from  one  old  one,  and  in  other  cases  young  filaments  growing  from 
the  side  of  an  old  one ;  but  I  believe  those  are  always  set  free  so  soon  as  they 
attain  a  certain  size.  In  one  instance  there  were  large,  globular  cells,  with  very 
thick  walls,  produced,"  and  lying  free,  in  the  sheath.     Are  these  spores  t    They  are 
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well  shown  in  figure  2  h,  pi.  5.  Associated  with  them  were  a  number  of  similar  cells 
which  had  not  obtained  as  yet  the  outer  thick  wall.  The  color  of  the  filaments  is 
in  my  specimens  of  a  rich  golden  brown ;  but,  as  they  have  been  preserved  in  car- 
bolic acid  water,  I  cannot  speak  positively  as  to  the  original  tint.  The  hcterocysts 
are  subglobose,  sometimes  compressed,  sometimes  somewhat  triangular.  They 
about  equal  in  diameter  the  internal  filament. 

Fig.  2,  pi.  5,  represents  a  small  cluster  of  youngish  filaments  of  this  species. 

n.  sejanclum,  Wood,  (sp.  nov.) 

M.  thallo  caespitulo,  molle,  parasitico ;  triehomatibus  simplicibiis,  plerumque  inarticniatis,  sed, 
interdum  breve,  iDterdum  longe,  articulatis,  continuis,  rarius  interruptis,  apice  attennatie, 
flavo-olivaceis  aut  viridibuB,  sparse  granulatia  ;  raginis  plerumque  aniplis  et  distinetis,  hja- 
linia,  Btepius  yalde  uudulatis,  apice  plerumque  valdc  amplificatis  et  in  fibrillas  solutis ;  cellulia 
perdurantibas  diametro  subiequalibus  ;  sporis  nullis. 

JWam— Trichom  bAts"  =  -00016";  cum  vag.  ^^ir"  =  .0005". 

Hab. — In  piantarum  aquaticarum  foliis,  Carp  River,  Michigan. 

Thaliua  somewhat  ctespitose,  soft,  parasitic;  filaments  simple,  mostly  inarticulate,  but  eome- 
times  shortly  sometimes  long  articulate,  continuous  or  more  rarely  interrupted,  attenuate  at 
the  apex,  yellowish-olive  or  greenish,  sparsely  granulate ;  sheaths  mostly  ample  and  distinct 
hyaline,  often  strongly  undulate,  tho  apex  mostly  much  amplified  and  dissolved  into  fibrillie ; 
lieteroeysts  about  equal  to  the  filament  in  diameter;  spores  wanting. 

Remarks. — This  species  was  found  in  the  Carp  Eiver  bog,  growing  on  the  edges 
of  minute  leaves,  so  as  to  form  little  prominences  or  thickenings  of  the  margin. 
The  trichomata  are  quite  distinct  from  one  another,  and  can  scarcely  be  said  to  be 
united  into  a  frond,  although  they  all  appear  to  radiate  from  the  base,  where  they 
are  consolidated  into  a  dense  mass.  The  sheaths  are  generally  quite  distinct,  much 
broader  than  the  cytioplasm,  and  are  not  sensibly  dilated  below.  In  most  speci- 
mens they  are  very  distinctly  alternately  dilated  and  contracted,  or  in  other  words, 
undulated.  This  is  especially  the  case  when  the  sheaths  are  quite  wide.  Above, 
they  are  rapidly  and  widely  dilated,  are  distinctly  fibrillose,  and  appear  to  gradu- 
ally melt  away.  The  cytioplasm  is  rarely  articulated,  and,  when  it  is  so,  the  joints 
are  scarcely  longer  than  broad,  and  are  most  generally  confined  to  the  distal  end  of 
the  filament.  ThQ  species  appears  to  be  most  nearly  allied  to  M.  Bmierianwm, 
Grun".,  from  which,  however,  it  is  quite  distinct. 

Fig.  2  a,  pi.  4,  represents  this  species  magnified  250  diameters ;  fig.  2  5,  a  single 
filament  magnified  800  diameters. 

in.  elongatum,  Wood. 

M.  initio  subglobosum,  postea  stepe  nonnihil  fusinum,  nigro-viride,  lubricum,  firme;  triehoma- 
tibus ffirngineis,  valde  eiongatis,  flagelliformibua,  intcrdnm  inarticulatis  sed  SEeplus  breve 
articulatis,  interdum  ad  genicula  valde  constrictis,  apice  interdum  truncatis  sed  plerumque 
in  pilum,  longnm,  achroum,  flesnosum,  productis;  vaginis  achrois,  arctis,  sjepe  apice  trun- 
catis ;  cellnlis  perdiirantibua  globosis  vel  suhglobosis. 

Diam  — T(?iftF"  =  .00036." 

Syn.—M.  elongatum,  Wood,  Prodromas,  Proc.  Amer.  Philos,  Soc,  1869,  p.  128. 

Bab. — In  aquario. 
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Tballus  at  first  subglobose,  afterwards  frequently  fusiform,  blackish-green,  slippery,  firm;  fila- 
ments ffirugirious,  very  elongate,  sometimes  not  articulated,  but  more  generally  shortly  arti- 
culated, soraetimea  strongly  contracted  at  the  joints ;  apices  sometimes  truncate  but  generally 
produced  into  it  long,  flexuous,  translucent  hair;  sheath  transparent,  close,  frequently  trun- 
cate at  the  apex  ;  heterocjsts  globose  or  subglobose. 

BemarJcs. — This  species  grew  iu  my  aquarium  on  some  brook-mosa,  which  I 
obtained  from  a  spring  above  Manayunk.  It  forms  little  nodules  of  the  size  of  a 
pin's  head  upon  the  wire-like  stems,  or  sometimes  longer  fusiform  masses,  which  are 
apparently  produced  by  the  coalescence  of  a  number  of  the  little  globes.  The  color 
of  these  fronds,  which  arc  very  firm,  is,  a  blackish-green.  The  filaments  radiate  from 
the  base  in  all  directions,  and  at  the  apex  are  tipped  with  a  very  long  hair-like  flexu- 
ous point,  or  they  are  truncate,  apparently  from  the  breaking  off  of  this  terminal 
seta.  The  endochrome  is  not  unfrequently  interrupted  within  the  sheath.  When 
it  is  articulated,  the  joints  are  usually  about  as  long  as  broad,  and  frequently  are 
distinctly  separated  from  one  another.  The  sheath  is  sometimes  quite  apparent 
and  distinctly  truncate  and  open  above,  but  in  other  instances  is  with  difficulty 
perceived  anywhere,  and  above  is  lost  in  the  long  hyaline  point.  At  the  points 
of  attachment  of  the  frond  the  filaments  are  so  densely  crowded  as  almost  to 
appear  to  be  coalescent,  though  I  believe  they  are  never  really  so ;  yet  it  is  often 
almost  impossible  to  separate  them  one  from  another  by  pressure  on  the  glass  cover, 
without  entirely  mashing  and  distorting  the  filaments. 

Fig.  1  a,  pi.  5,  represents  a  section  of  a  frond  of  this  species  slightly  magnified; 
fig.  1  6,  a  single  filament  magnified  460  diameters. 

Genus  MASTIGOTHRIX,  Ktz. 

Trichomata  singula,  pleruraque  sparsa,  parasitica  intra  thallum  Chffitopliorarnm  aliarumque 
algarum,  flagelliformia,  in  apicem  piliformem  achroum  hyalinum  cuspidata,  distincte  articulata, 
arete  vaginata,  basi  cellula  pcrdurante  instrncta.     (R.\ 

Filament  single,  mostly  scattered,  parasitic  within  the  thallus  of  Chsctophora  or  other  algie, 
flagelliform,  with  tlie  apes  produced  in  a,  hyaline  hair,  distinctly  vaginate,  furnished  with  a  basal 
heterocyst. 

Jtemarhs. — I  have  simply  copied  the  generic  description  of  Prof.  Uabenhorst, 
although  it  seems  to  me  more  than  doubtful  whether  the  place  of  growth  is  any 
generic  character  whatever.  I  have  relied  more  on  the  long  hyaline  apical  hair, 
although  our  American  form  does  grow  in  a  gelatinous  palmella  like  jelly. 

W.  fibrosa,  Wood. 

M.  dilute  vci  CEcraleo-viridis,  vel  olivaeeo-viridis,  vel  suh-teruginea,  infra  hand  articulata, 
sursum  asepe  breve  articulata,  apicc  in  trichomata  miitura  in  setam  hyalinani,  distincte 
articnlatam,  longam,  prodiicta;  vaginia  achroois — in  filamcnto  immaturo,  supra  distinctis, 
latis,  hyalinis,  infra  modice  crassia,  aretis, — in  trichomata  niatura  infra  arctis,  indistinctis, 
supra  in  fibrillis  dissolutis,  apice  absentibu.s ;  cellulis  perdurantihus  globoais,  interdum 
geminis. 

Diam. — Trichone  j^u" ;  cell  perdnr.  ys^oij" — tfcuij" 

Syn.—M.  fibrosa,  ^'oov,  Trodroraua,  Proc.  Amer.  Philos,  Soc,  1869,  p.  129. 

Hab, — Prope  Philadelphia. 
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Light  bluish-green,  or  oHvaceous-green,  apex  in  the  mature  filammt  prolonged  into  a  long, 
distinctly  articnJated  hyaline  seta;  sheath  transparent — in  the  immature  filament  distally, 
broad,  and  distinct  although  hyaline,  below  ratber  thick  and  dose;  in  the  mature  filament 
below  close,  indistinct,  above  dissolved  in  fibrillie  and  wanting  at  the  apex;  heterocysts 
globose,  sometimes  g 


Remarlcs. — This  plant  was  found  growing  with  other  low  algre  in  a  thick  jelly, 
which  clothed  some  wet,  dripping  rocks  near  Manayunk.  In  the  young  filaments 
the  sheath  is  produced  ahove  into  a  broad,  thick,  gelatinous-looking  portion,  the 
cavity  of  which  is  often  scarcely  apparent.  The  cytioplasm  in  such  iilaments  is 
mostly  of  a  light  hluish-green  color,  is  granular  and  not  very  apparent.  In  older 
filaments,  the  trichoma  above  is  prolonged  into  a  long,  curved  hyaline  point,  and  the 
sheath  just  below  the  base  of  this  is  split  into  a  number  of  fibrillee.  No  spores 
were  perceived.  The  increase  of  the  species  appears  to  take^.place  in  the  follow- 
ing manner:  Near  the  middle  of  the  filament  a  tumid  swelling  forms,  in  the 
centre  of  which  appears  after  awhile  a  constriction,  and  this  increases  until  at  last 
there  are  shaped  out  the  bases  of  two  filaments.  Then  the  heterocysts  appear,  and 
finally  the  two  halves  of  the  original  trichoma  separate — each  a  perfect  filament. 
(I'ig.  3,  pi.  5.)  Sometimes,  instead  of  a  pair  of  filaments  being  thus  formed,  but 
a  single  base  is  shaped  out  at  the  place  of  swelling,  and  the  original  filaments  split, 
as  it  were,  thus  giving  origin  to  a  second  trichoma,  which  for  awhile  appears  as  a 
branch  of  the  former,  hut  is  soon  detached  from  it.  In  some  specimens  there  are 
two  heterocysts,  unless  the  proximal  of  these,  which  is  a  light  orangp-clay  color, 
represents  a  spore. 

Fig.  3,  pi.  5,  represents  different  forms  of  this  species. 

Family  SCYTONEMACE^. 

Trichomata  articulafa,  sjepe  moniliformia  vel  submoniliformia,  vaginata,  paendoramosa,  cellulis 
limataneis,  ad  pseudoramulorum  basin,  vel  interxtitialibus,  plerumquc  paehjdermatic-is  instmcta. 
Vaginse  e  stratis  pluribus  (etsi  non  semper  distinctis)  fonnitse,  superfieie  la^ves,  corrugata;  vel 
esasperatsE,  erustatie,  nonuinquam  stratis  esterioribua  in  fibrillas  discodentibus,  baud  raro  passim 
intumescentes  vel  oci-cats. 

Vegotatio  noa  terminalis;  eellularum  vegetativarum  divisio  ad  unam  direetionem,  initio  in  tricho- 
matibus  medio,  postea  in  utroque  fine  ssepe  alternans.  Cellule  limitanea;  ad  utrumque  polum  locolio 
lucid  0  instmctie. 

Propagatio  gonidiis  pleruraque  exultiraa  generationo  ortis.  Gonidia  plerumque  namerosaseriata 
e  vagina  se  essemnt  tumque  in  singula  secedunt.  (E.) 

Filaments  equal,  articulate,  often  moniliform  or  submoniliform,  vaginate,  pseudoranjoso,  furnished 
with  heteroeysts  whieh  are  either  interstitial  or  at  the  base  of  the  branches,  and  are  mostly  thick- 
walled.  Sheaths  formed  of  numerous  strata  (not  always  distinct),  their  surface  smooth,  corrugate, 
or  roughened,  the  exterior  stratum  sometimes  breaking  up  into  fibrillffi,  not  rarely  intumescent  or 
ochreate. 

Vegetation  not  terminal ;  division  of  the  ceJis  oeeurring  in  one  direction,  in  the  beginning  in  the 
middle  of  the  trichoma,  afterwards  often  alternately  at  each  end.  Heterocysts  furnished  with  a  trans- 
lucent spot  at  each  end. 

Propagation  mostly  by  gonidia  arising  from  the  last  generation  Gonidia  mostly  numerously 
seriate,  passing  out  of  the  sheaths  and  then  separating  one  from  the  other. 
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Simarks. — The  Soytonemacece  arc  simple  or  branched  filamentous  plants,  which 
grow  in  water,  or  in  the  air,  upon  tree-trunks,  rocks,  fences,  &c.,  in  moist  localities. 
A  number  of  individuals  of  one  or  more  species  are  almost  always  associated  to 
form  on  the  ground  little  mats,  or  in  the  water  attached  or  floating  masses  of  vary- 
ing color  and  characters  according  to  the  species.  Tlie  individual  filaments  are 
composed  of  two  distinct  parts,  the  inner  the  protoplasmic  matter,  the  outer  the 
cellulose  sheath.  The  former  of  these  is  a  long  cylindrical  mass,  which  is  occa- 
sionally interrupted  by  a  distinct  thick-walled  cell,  spoken  of  in  this  memoir  as 
the  heferocyst,  or  '■'■  cellulia  perdurantibus."  The  inner  filament  is  composed  of 
colored  protoplasm,  which  is  sometimes  homogeneous,  but  in  other  cases  is  dis- 
tinctly granular.  It  is  most  generally  articulated  after  the  manner  of  an  osciUa- 
tona,  but  occasionally  it  is  continuous  for  a  great  portion  of  its  length,  and  in  one 
species,  which  is  here  described,  although  very  possibly  not  belonging  in  the  family, 
there  are,  at  regular  intervals,  partitions  running  across  from  one  side  to  the  other  of 
the  sheath,  so  that  the  inner  filament  may  be  said  to  be  made  up  of  a  number  of  cells, 

The  heterocysts  are  of  various  shapes,  globular,  compressed,  cylindrical,  oblong, 
&c,  &c.  They  are  mostly  provided  with  a  bright  colorless  spot  at  each  end.  Their 
number  varies  according  to  the  species.  Sometimes  they  are  single,  in  other  cases 
there  are  several  of  them  arranged  in  series.  They  are  placed  either  at  the  origin 
of  the  branches,  or  are  scattered  apparently  without  definite  arrangement  in  the 
length  of  the  filament.  In  the  one  case,  they  are  known  as  "  hasaJ"  in  the  other 
as  "  interstitial."  In  any  species,  either  of  these  methods,  or  both  of  them,  may 
prevail ;  but  a  certain  amount  of  specific  value  attaches  to  the  situation  of  the 
heterocysts.  Their  function  is  totally  unknown,  although  some  have  imagined 
them  to  have  a  sexual  significance  and  even  to  be  spermatozoids,  but  there  is 
no  proof  whatever  of  the  truth  of  such  suppositions,  and  it  is,  I  think,  very  certain 
that  these  heterocysts  are  not  of  the  nature  of  spores. 

The  sheath  of  the  Sci/tonema  is  composed  of  one  or  more  strata,  which  are 
often  very  distinct  from  one  another,  but  are  more  often,  perhaps,  not  so.  It  is 
opaque  or  translucent,  aud  has  its  outer  surface  smooth,  or  tubercular,  fibrillate  or 
roughened  in  some  way. 

The  specific  characters  in  this  family  can  best  be  commented  upon  under  two 
heads — namely,  those  which  are  discoverable  with  the  unaided  eye,  and  those 
which  the  microscope  alone  can  reveal.  The  points  to  be  observed  under  the  first 
of  these  are  as  follows :  The  place  of  growth  of  the  plant,  whether  in  the  air  or  in 
the  water,  and,  if  it  live  in  the  air,  to  what  it  is  attached — whether  to  stones,  dead 
wood,  or  living  trees,  and  it  is  possible  that  in  some  cases  it  may  be  found  that 
certain  species  of  Scyioiiema  inhabit  only  certain  species  of  trees.  If  the  plant 
be  in  water,  it  must  be  noted  whether  it  be  attached  or  floating.  Then  the  habit 
of  growth  must  be  looked  at,  including  in  this  the  size  and  thickness  of  the  masses 
of  filaments,  whether  they  be  flocculent,  turfy,  crustaceous,  membranous-gelatinous, 
&c.,  their  softness  or  rigidity,  their  color,  as  well  as  the  arrangement  in  them  of 
the  filaments.  To  discover  the  latter,  it  will  generally  be  necessary  to  use  a  low 
power  of  the  microscope,  and  at  the  same  time  the  mode  and  profusion  of  branch- 
ing of  the  individual  plant  should  be  studied. 
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The  second,  class  of  characters  are  those  discoverable  only  with  the  higher  powers. 
They  are  divisible  into  two  sets;  those  afforded  by  the  inner  filament  and  those 
derived  from  the  sheaths.  In  the  first  of  these  the  points  to  be  noted  arc,  the 
diameter  of  the  filament;  its  color.'whether  it  be  or  be  not  articulated,  and  if  it 
be  the  length  of  the  joints;  whether  it  is  uniform  or  monihform;  whether  it  be 
homogeneous  or  granulate ;  then  the  heterocysts  should  be  examined  as  to  their 
size,  position,  arrangement,  shape,  number,  and  color. 

The  diameter  of  the  sheath,  its  homogeneousness,  its  color,  firmness,  and  the 
condition  of  its  outer  surface  are  to  be  included  in  the  specific  study. 

Genus  SCYTONEMA. 

Trichomata  csespitoso-congregata  vel  faaciculata,  plus  minus  pseodoramosa,  cellulis  interstitialibus 
instracta;  vaginte  gelatinoso-membranaceie,  e  stratis  (interdum  obsoletia)  pluribus  cjlindraceis  com- 
positffi;  cellulis  pcrdaraatibus  singulis. 

Filaments  csespitoscly-congregate  or  fasciculate,  more  or  less  pscudoramose ;  furnished  with  in- 
terstitial cells ;  sbeaths  gelatinous -membranaceous,  composed  of  many  cylindrical,  sometimes  ob- 
solete, strata ;  heterocysts  single. 

a.    Terresires  vel  aquaticss. 

a.    Terrestrial  or  aquatic. 

S.  siniplice,  "Wood,  (sp.  nov.) 

S-  in  strato  modice  crasso,  eubtomentoso,  nigro-viride  ;  trichoraatibua  valde  elongatia,  flexuoso- 
curvatis,  parcissime  pseudoramosis  vel  ssepe  sine  pseudoramdis;  paendoramulia  geminis  vel 
singulis,  plerumque  elongatis ;  trichomatibua  inteniis  modo  diatincte  articulatis,  modo  inar- 
ticulatia,  apice  interdum  brevissime  articulatis,  granulosis,  pallide  viridibue,  ad  genicala  SEepe 
nodosis  vel  disjunctis,  articulis  plerumque  diametro  Kquahbus  ad  7  plo  longioribws;  vaginis 
plerumque  supra  trancatis  et  apertis,  pellueidis,  saspe  coloris  expertibus,  interdum  dilute 
aureo-brunneis ;  celiulis  perdurantibua  cylindricis,  interjeetis,  diametro  2-5  plo  longioribus. 
Diam.—TTicb.  cumvag.  ^-^\-^"—j^.^"  =,0004"— .00066";  sine  vag.  75*011" — js^ts"  = -OOOVi" 
—.00026". 

Sab. — In  lignis  irroratia.  South  Carolina.   (Ravencl.) 

S.  in  a  moderately  thick,  somewhat  toraentose,  blackish-green  stratum;  trichomata  very  elongate, 
flexuonsly  carved,  very  sparsely  branched  or  frequently  without  branches  ;  branches  geminate 
or  single,  mostly  elongate;  internal  filament  partly  distinctly  articulate,  partly  inarticulate, 
granular,  pale-greenish,  in  its  apex  sometimes  very  shortly  articulate,  sparsely  granular, 
oft^n  nodose  or  disjoined  at  the  joints ;  articles  mostly  from  equal  to  to  1  times  longer  than 
the  diameter;  sheaths  thick,  transparent,  often  colorless,  sometimes  pale  yellowish-brown, 
mostly  open  and  truncate  at  apex;  heterocysts  cylindrical,  interspersed,  2-5  times  longer 
than  their  diameter. 

JtemavTcs. — I  am  indebted  to  Professor  Eavenel  for  specimens  of  this  species. 
They  are  preserved  in  solution  of  acetate  of  alumina  and  accompanied  by  the  fol- 
lowing label :  "  Adhering  to  the  wet  sides  of  a  wooden  gutter,  leading  water  from 
a  spring,  September  29,  1869:  Aiken,  South  Carolina."  The  filaments  are 
remarkable  for  the  fewness  of  their  branches.     Generally,  indeed,  there  are  no 

S       May,  1872. 
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brandies  whatever,  and  I  have  never  seen  more  than  a  single  pair^  or,  at  most, 
three  branches  to  a  filament.  The  mass  of  filaments  is  blackish-green,  somewhat 
tomentosc  and  quite  shiny  in  appearance.  The  articles  are  often  very  long,  and 
the  internal  filament  is  frequently  in  such  cases  enlarged  into  a  sort  of  globular 
node  at  the  joint.  Not  at  all  rarely  there  is  a  very  decided  break  in  the  endo- 
chrome  at  the  joints. 

This  species  is  very  close  to  S.  Austinii,  from  which,  however,  I  think  it  suffi- 
ciently distinct.  The  points  of  difterence  are  in  the  much  firmer,  much  more 
colored  and  opaque,  and  rougher  sheath  of  that  species;  in  the  swollen  ends  of 
the  internal  filament  of  S.  Austinii,  and  its  shorter  articles,  with  the  absence  of 
nodes  or  distinct  interruption  of  the  endochrome  at  the  joints.  The  heterocysts 
are  also  quite  different  in  the  two  forms,  whilst  the  filaments  of  S.  simpUce  arc 
much  the  longer. 

S.  Anstinii,  Wood,  (sp.  nov.) 

S.  rnpicola,  strato  tomentoso,  eiespitoso,  crasso,  fasco-nigro ;  trichoniatibus  adscendentilius, 
curvatis,  plernmque  eimplicibus ;  trichomatibus  internis  asrugineis  vel  fuscesccntibus,  articii- 
latis  vel  inarticolatis,  fine  saspe  valde  incrassatis ;  articnlis  diametro  plerumque  m«lto  bre- 
Tioribus,  iDterdam  longioribas;  vagiiiis  rubido-vel  aureo -fuscesccntibus,  s*pe  sub-opacis, 
firmis,  indiatincte  lamellosis,  in  apice  plerumque  acLrois  et  coloria  fere  espertibus,  superficie 
subrngosa  et  hirta;  cellnlis  pedrurantibus  breviter  cylindricis,  vel  subquadratis  vel  subgjo- 
bosis,  interdnm  valde  conipressis  et  diametro  mnlto  brevioribus. 

Djom.— Fil.  cam.  vag.  .0006"— .0008";  sine  vag.  .00016"— .0004". 

Hah. — In  rupibus,  "Little  Falls,  New  Jersey."   (Austin.) 

S.  growing  on  rocks,  stratum  tomentose,  and  somewbat  turfy,  brownish-black;  tricbomata 
ascending,  mostly  simple,  curved  ;  interna!  filament  Eeruginous  or  fuscons,  articulate  or  inar- 
ticulate, often  very  much  thickened  at  the  ends;  articles  much  shorter  to  longer  than  their 
diameter  ;  sheatbs  reddish  or  yellowish-fuscoas,  at  the  apes  colorless  and  transparent,  firm, 
indtatiuetly  lamellate  ;  surface  rough  ;  heterocysts  shortly  cylindrical,  eubquadrate  or  s.u!j- 
globose,  sometimes  strongly  compressed  and  much  shorter  than  broad, 

Remarhs.—Thi^  plant  occurs  as  a  blackish  stratum  of  one  or  two  lines  in  thick- 
ness, forming  a  sort  of  miniature  turfy  cushion  upon  the  rock.  When  examined 
with  the  hand-glass,  this  layer  is  seen  to  be  composed  of  a  great  number  of  ascend- 
ing curved  filaments  whose  color,  in  some  specimens,  is  a  reddish-brown;  in 
others,  apparently  younger,  yellowish-brown.  Under  the  compound  microscope 
the  sheaths  in  the  older  filaments  are  seen  to  be  much  roughened  externally  and 
irregular  in  outline.  The  young  sheaths  are  smooth.  The  filaments  are  mostly 
simple,  since  I  have  not  seen  more  than  a  half  dozen  having  even  a  single  branch. 

The  heterocysts  are  scattered  at  irregular  intervals,  and  are  remarkably  irregular 
in  form— sometimes  much  shorter  than  broad,  sometimes  several  times  as  long. 
As  the  ends  of  the  filaments  are  approached  the  internal  filament  suddenly  swells 
out  and  increases  sometimes  to  twice  the  diameter  it  has  in  the  central  part  of  the 
filament.  In  the  filament  proper  it  rarely  attains  a  diameter  of  more  than  .0003", 
and  is  commonly  about  .00025",  whereas  at  the  ends  it  very  generally  approaches 
the  maximum  .00042"-'. 
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iS..  imniersum,  Wood,  (sp.  hot.) 

S.  immersum  cum  algis  alteris  iDtermixtum  et  jilantas  aquaticas  adiiEerens ;  trichomatibus 
eloiigatis;  paeudoramQlis  plus  minus  distaiitibus,  plerumque  geminis,  et  e  basi  divergentur 
adscendentibus,  brevibus  aut  elongatis;  trichomatibus  inturnis  Itete  ffiragiueis,  interdum  dis- 
tincte  articulatis,  iiiterdum  ioarticulatis,  apice  obtuse  rotundato,  temgineo ;  articulis  diamctro 
subaequalibns  vel  brevioribus ;  Tagiuis  amplis,  hjalinis,  coloris  expertibus ;  cellulis  perdn- 
rautibus  dislinctis,  singulis,  interjectis,  subcylindricis,  diametro  interdum  fere  duplo  breviori- 
bus, interdum  duplo  loogioribae. 

Siam. — Siu.  vag.  i^gg/  =  .OOOilS".     Cum  vag,  jsUs"  =  ■00015". 

Sab. — In  aquis  quietis,  Cumberland  County,  New  Jersey. 

S.  immersed,  intermixed  with  other  algs  aod  adhering  to  aquatic  plants  ;  filaments  elongate; 
branches  mostly  geminate,  more  or  less  distant,  short  or  elongate ;  internal  filametits  bright 
feruginons,  sometimes  distinctly  articulate,  at  others  not  so,  apex  obtusely  rounded  teruginous; 
joints  about  equal  to  the  diameter  or  shorter;  sheath  ample  hyaline,  colorless;  heterocjsts 
distinct,  single,  interjected,  subcylindrical,  sometimes  about  half  as  long  as  broad,  sometimes 
nearly  twice  as  long. 

Remarks. — I  found  this  plant  in  September,  1869,  in  Shepherd's  Mill  Pond,  near 
Greenwich,  Cumberland  County,  New  Jersey,  forming,  with  other  alga?,  a  floccu- 
lent,  greenish-black,  slimy  coating  to  the  stems  and  finely  dissected  leaves  of 
Ranunculus  aquatilis.  The  branches  arc  very  few  in  number  in  most  specimens, 
and  when  they  are  more  plentiful  are  apt  to  be  short  and  abortive.  Their  apices 
do  not  differ  materially  from  their  other  portions. 

Fig.  9,  pi.  2  a,  represents  a  portion  of  a  filament  of  this  specimen  magnified  750 
diameters ;  fig.  2  6a  whole  filament  magnified  260  diameters. 

S.  IVfcgelii,  Ktz.  (?) 

S.  cajsptoso-fioccosum,  brjophilum,  nigro-viride;  trichomatibus,  plerumque  sparse  pseudora- 
mosis,  pseudoramulisqae  elongatis  et  intricatis ;  trichomatibus  internis  breviter  articulatis,  ssepe 
interruptis,  ssepe  nonnihil  moniliformibna,  viridibns  aut  in  rotate  provecta  brunneia ;  articulis 
sfepe  sejunctis,  diametro  plerumque  brevioribus,  subtilitergraiiulatis;  pseadoramulis plerumque 
singulis ;  Taginis  modice  arctis,  interdum  subamplis,  haud  distincte  lamellosis,  modice  crassis, 
hyaliuis,  coloris  expertibus  aut  in  (etate  provecta  dilute  fnsco-brunneis;  cellulis  perdnranti- 
bus  nonnibil  reniformibus,  plerumque  nullis,  basilaribus. 

Diam. — Fil.  cum  vag.  plerumque  j^^^" — max.  ^q^,j^"  ;  sine  vag.  t5dW>  '^''"'  P^rdurant.  lab. 
T^foo"— Ion?-  T-ishj/'- 

Sf/n. — S.NiegeUi  (ETZ.),IlABENiroRST,  Flora  Europ,  Algarum,  Sect.  II.  p.  252. 

Hah. — In  fonte,  prope  Belvidere,  Centre  County,  Pennsylvania. 

Growing  in  small,  blackiah-green  woolly  mats  attached  to  mosses;  filaments  mostly  sparsely 
branched,  with  the  branches  elongate  and  intricate ;  internal  filament  shortly  articulate, 
often  somewhat  moniliform,  often  interrupted,  green,  or,  in  mature  state,  brownish;  joints 
often  disjoined,  mostly  shorter  than  the  diameter,  finely  granulate  ;  branches  mostly  single; 
sheaths  moderately  close,  som.etlmes  ample,  not  distinctly  lamellate,  rather  tbick,  hyaline, 
colorless,  or,  in  old  age,  light  fuscous  brown ;  hcteroeysts  mostly  wanting. 

Remarks. — I  found  this  plant  in  the  large  spring  that  supplies  Bellefonte  with 
water,  growing  attached  to  mosses,  so  as  to  form  little  dark-green  mats  around 
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their  stems  and  branches.  These  mats  never  exceeded  an  inch  in  length  in  any 
specimens  that  came  under  my  notice.  The  filaments  themselves  are  apparently 
not  much  branched  and  are  densely  interwoven.  The  sheaths  arc  close,  rather 
thick,  not  lamellate,  of  uniform  diameter,  except  in  that  they  are  occasionally 
locally  swollen,  and  are  truncate  and  open  at  the  end.  The  internal  filaments  are 
frequently  much  interrupted,  and  in  the  younger  plants  are  of  a  deep  green.  The 
joints  are  in  many  instances  much  separated,  and  in  most  cases  very  distinct. 
The  filaments,  indeed  show  a  remarkable  tendency  to  break  up  at  the  joints,  so  as 
to  form  a  series  of  dish-like  gonidia,  so  that  the  articles,  or  cndochromo  masses, 
may  be  generally  described  as  strongly  compressed  spheres.  In  all  the  specimens 
that  I  have  examined,  I  have  seen  but  a  single  heterocyst.  This  was  at  the  base 
of  a  branch,  was  somewhat  reniform,  and  about  three-fifths  as  long  as  broad.  I 
have  referred  this  species,  doubtfully,  to  S.  Naegelii,  Ktz.,  the  only  account  of 
which  that  I  have  met  with,  or  know  of,  is  a  brief  diagnosis  in  Rabenhorst's  Flora, 
in  which  many  of  the  essential  characters  are  omitted. 

Fig.  6,  pi.  8,  represents  a  portion  of  a  filament  of  this  species. 

IS.  thermale,  Eiz. 

S.  strato  tflnue,  nigrcscente  ;  trichomatibaa  flexuoso-eurvatis,  intricatis,  parce  pseudoramosis, 
internis  pallide  serugineis,  S£epe  coloris  fere  expertibus,  passim  inteiruptis,  plerumque  inar- 
ticulatis  scd  ssBpe  indistincte  et  interdum  distincte  articalatis,  granulosis ;  articulis  dianietm 
brevioribus  vel  sabfeqnalibus ;  psendoramulis  plerumque  breyibus,  geminis,  in  diainetro  tri- 
ehomatibus  tBqualibu8  vel  subffiqualibus  ct  interdum  usque  ad  medium  conjunctia,  basi  coa- 
litia,  Biepe  e  basi  divergentibuB;  vaginis  crassis,  indistincte  lamellosis,  vel  luteo-fuscis  vd 
fuscis,  sed  passim  fere  coloris  expertibns,  plerumque  vix"  pellucidulis,  in  ramulorum  apice 
siepe  bjaliiiia  ot  coloris  fere  expertibus;  cellulis  perdurantibus,  subquadratis  vel  cylindricia, 
singulis,  interjeetis. 

Diam.—Tr.  cum  vag.  ^2g55"—y5555"  =  .00042"— .00058;  sine  vag.  ^^^^"  =  MOlCd"^ 
^^'^^"  =  .00025. 

Syn. — S  thermale,  Ktz.,  Rabenhoest,  Flora  Europ.  Algarum,  Sect  II.  p.  250. 

Hab, — In  terra  argiUacea,  South  Carolina.    (Ravenel.) 

Stratum  thin,  blackish;  filaments  flexnotislj'  curved,  intricate,  sparingly  branched;  internal 
filament  pale-grecnish,  often  almost  colorles.'),  here  and  there  interrupted,  mostly  inarticulate, 
but  oflen  indistinctly  and  sometimes  distinctly  articulate,  granular;  joints  shorter  or  about  as 
long  as  broad ;  branches  geminate,  mostly  short,  equal  or  subequal  to  the  filament  in  diameter, 
coalescent  at  the  bases,  rarely  so  even  to  their  middle,  mostly  divergent  from  the  base ;  shealh 
thick,  indistinctly  lamellate,  yeHowish-fuscoua,  and  scarcely  eemitransparent,  but  here  and 
there  nearly  colorless  and  pellucid,  generally  so  in  the  apices  of  the  branches;  heterocysts 
subqnadrato  or  cylindrical,  single,  interspersed. 

Remarks. — I  am  indebted  to  Professor  Eavenel  for  specimens  of  this  species  pre- 
served in  solution  of  acetate  of  alumina.  The  label  reads,  "Damp  surface  of  hard 
clay,  Sept.  25,  1869."  The  sheaths  are  quite  thick  and  scarcely  translucent,  so  that 
the  color  of  the  inner  filament  seen  through  them  is  that  of  themselves.  Curiously 
enough,  one  of  these  dark  sheaths  will  for  a  space  lose  its  color  and  be  very  trans- 
parent, in  such  places  and  in  the  apices  of  the  branches,  the  inner  filament  is  often 
a  decided  pale-green  ;/at  other  times  it  is  almost  colorless.  The  end  of  the  sheaths 
are  mostly  closed,  but  I  have  seen  them  open,  with  the  inner  filament  project- 
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ing.  The  branches  are  nearly  always  short,  and  divergent  from  their  united  bases. 
The  heterocysta  have  frequently  one  of  their  ends  rounded;  and  are  quite 
numerous.  This  species  corresponds  too  closely  to  Rabenhorst's  description  of 
Scytonema  tliermale  to  be  separated,  but  it  is  possible  a  comparison  of  specimens 
might  show  decided  differences— the  description  of  the  European  form  is  not  very 
full.  The  American  plants  seem  to  approximate  most  closely  the  Var.  intextum. 
I  have  seen  a  single  branch  given  off  only  in  one  instance. 

Kg.  1,  pi.  6,  represents  a  filament  of  this  species  magnified  260  diameters;  fig. 
1  h,  the  outline  of  a  heterocyst  magnified  750  diameters. 

S.  Iflyochrous,  Ao. 

S.  strato  tenui,  pannoso-tomentoso,  obscure  fusco  (nonnanqnam  subaericeo);  trichomatibus 
Talidissimis,  fuscis,  lucidis,  lenitur  eurvatis,  adscenrtcntibus,  internia  asragincis,  apice  {articul. 
term.  5-6)  rnbellis,  distincte  artieulatis;  pseudoramulis  plerumqae  geminis,  ssepe  longissimia 
flaccido-erectis,  tricliomate  dimidio  circiter  tenuoribus;  tricbomatis  vaginis  crassis,  distincte 
lamelloeis,  firmis,  pulclire  luteo-fuscis,  superflcie  Ifeviasimis,  ramulorum  semper  pallidioribus 
(luteis,  rarius  achrois),  apice  ssepe  achrois,  clausia  et  obtuso-rotundatia ;  cellnlis  perda- 
rantibus  oblongis  yel  subcylindricis,  achrois,  trichomatis  intcrni  diametro  subtequalibus. 
(R.)  Slrato  obscure  olivaceo,  trichomatibus  parce  pseudoramosis,  ad  -ij"  crassis  ;  pseudo- 
rannulis  singulis,  vaginis  achrois  rel  luteolis;  vag.  trich.  luteo-fuscis.  (R.)  Species  mihi 
ignota. 

ZJiam.—Trichom  0,0011"— 0.0014";  ramulorum  ad  0.00068".  (R.) 

Syn. — S.  Mijoehrous,  Agardh  ;  Tar.  Contexlum,  Carmichael.  Rabenhoest,  Flora  Europ. 
Algarum,  Sect.  II.  p.  254. 

JJab. — "  Foot  of  Crow's-nest,  West  Point."  Bailey.     Silliman's  Journal,  N.  S,  vol,  iii. 

Strato  thin,  pannosely  tomeatose,  obscurely  fuscous  (sometimes  somewhat  silky) ;  filaments  very 
strong,  fuscous,  bright,  slightly  curved,  ascending ;  the  internal  wruginous,  distinctly  articu- 
late with  the  apex  {terminal  5-6  joints)  reddish ;  branches  mostly  geminate,  often  very  long, 
flaccidly  erect,  about  one-half  thinner  than  the  filament;  sheath  of  the  filament  thick,  dis- 
tinctly lamellate,  firm,  beautifully  yellowish-fuscous,  surface  very  smooth  ;  sheath  of  the 
branches  always  paler  (luteous  or  rarely  colorless)  with  the  apex  colorless,  short  and  obtusely 
rounded  ;  heterocysts  about  equal  in  diameter  to  the  internal  filament.  Stratum  obscurely 
olivaceous,  filaments  sparsely  branched,  about  jY"  thick  ;  branches  single,  with  the  sheaths 
transparent  or  yellowish  ;  sheath  of  the  trichoma  lu too- fuscous. 

S,  calotrichoides.  Ki:TziNG(?). 

S.  cffispitosnm,  mucosum,  pleruinquo  cum  algis  variis  intermixtum;  trichomatibus  plus  minus 
curvatis;  pseudoramulia  plerumque  gerainis,  varie  curvatis,  simplicibus,  elongatis;  tricho- 
matibus internia  raodo  distincte  artieulatis,  modo  ioarticulatis,  interdum  moniliformibuR, 
luteo-viridibuB  vel  ainigincis,  granulosis;  articulis  plerumque  diametro  brevioribus  sed  in- 
terdum pcrmulto  longioribus,  haud  rare  vel  subglobosis  vel  valde  compressis ;  cellulis  per- 
durantibus  singulis,  subcylindricis;  vaginis  plerumque  pellucidulis,  distincte  lamellosis,  in 
trichomatibus  plerumque  rubido-vcl  luteo  brunneis  Bed  interdum  colons  expertibns,  in  pscu- 
doramnlis  hyalinis,  coloris  expertibus  vel  dilutissime  luteis  vel  dilute  luteo -brunneis. 

Ztiam.— Cum  vag.  max.  ■^^■•-^-g"=M015";  plerumque  51^55"  =.00045";  sine  vag.  ^j'^/'—^g'^^"; 
pseudoram.  j^^j"  ^.OOOS". 

Syrt. — 3.  calotrichoides,  Ktz.     Rabenhoest,  Flora  Europ.  Algarura,  Sect.  II.  p.  253. 

Unh. — South  Carolina,     (Ravenel) 
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Csespitose,  mucous,  mostly  intermixed  with  varioas  algie ;  filaments  more  or  less  curved ; 
braaehes  mostly  in  pairs,  elongate,  simple,  variously  curved;  interna!  filament  partly  dis- 
tinctly articulate,  partly  not  articulate,  sometimes  moniliform,  yellowish -green  or  ieruginous, 
granular ;  joints  mostly  shorter  than  the  diameter,  sometimes  mnch  longer,  sometimes  sub- 
globose  or  strongly  compressed ;  heterocysts  single,  subcylindrical ;  sheaths  distioctly  lamel- 
late, mostly  reddish  or  yellowish-brown,  but  sometimes  colorless,  in  branches  hyaline,  color- 
less, or  with  a  very  faint  yellowish  tint,  or  sometimes  brownish. 

Remarhe. — The  specimens,  from  which  the  ahove  description  was  drawn  up, 
were  sent  me  by  Professor  Ravenel  from  South  Carolina.  The  extremities  of  the 
sheaths  are  eitlier  closed,  or  open.  The  branches  are  almost  always  in  pairs,  and 
sometimes  three  or  four  are  given  oif  together,  but  this  is  not  common.  They 
are  often  nearly  or  quite  colorless;  the  main  filament  is  generally  a  sort  of 
brown — sometimes  qtiite  bright  from  the  predominance  of  the  yellow  hue. 
Although  my  specimens  do  not  precisely  agree  with  the  descriptions  of  the 
European  >S'.  calotrichoides,  yet  the  disagreement  does  not  seem  sufficient  or 
sufficiently  constant  to  separate  specifically  the  two  forms;  the  most  important  of 
the  differences  is  in  the  coloration  of  the  sheaths  and  heterocysts,  which  in  the 
American  plant  are  commonly,  but  not  universally,  respectively  brownish  and 
greenish. 

The  label,  which  Professor  Eavcnel  has  attached  to  some  of  the  specimens, 
leads,  "In  wet,  boggy  places,  on  rotten  pine  boards,  Sept.  25,  1869." 

Pig.  2,  pi.  6,  represents  a  filament  of  this  plant  miignified  250  diameters, 

S.  cataracta,  Wood. 

S.  rapicola,  casspitosum,  fnsco-atrnm,  longe  et  late  expansum;  tricbomatibus  flcsuosis,  flcxili- 
bus,  fere  0.25"  longibus,  vage  pseudoramosiseimis,  superficie  Isevibus;  pseudoramis  elocgatis, 
singulis,  rarissime  geminis,  liberis,  interdum  fascts,  stepius  hyalinis,  apice  plerumqae  truncatis 
et  rare  nonnibil  attcnuatis  et  s^pe  barbais  sed  hand  rubellis;  trichomatibns  internis  serugt- 
neis,  tenulssimis,  plerumquc  distincte  articulatis ;  articalis  diametro  plerumque  brevioribus, 
sed  interdum  longioribus,  s^epe  sejunctis,  ssepe  subglobosis ;  vaginis  erassis  et  firmis ;  cellulis 
perdurantibus  et  basilaribus  et  interjectis,  singulis,  rarissime  geminis. 

Diam. — Trich.  cum  vag.  plerumque. 00 04 5";  max.  .0011";  sine  vng.  max.  .00013". 

Syn. — S.  cataracta,  Wood,  Prodromas,  Proc.  Am.  Phil.  Soc,  p.  129,  18G9. 

Jliib.—In  flumine  Niagara  prope  eataractam. 

S.  forming  on  rocks  an  extended  turf-like  stratum  of  a  brownish-black  color  ;  filaments  flexnous, 
flexible,  almost  0-25"  long,  irregularly  branched,  their  surface  smooth;  branches  elongate, 
single,  rarely  in  pairs,  free,  sometimes  fuscous,  frequently  hyaline,  their  apices  generally 
truncate,  rarely  somewhat  attenuate,  frequently  provided  with  enlargements,  never  reddish  ; 
cytioplasm  feruginous,  very  thin,  generally  distinctly  articulate ;  articles  mostly  shorter  than 
broad,  but  sometimes  longer,  frequently  disjoined,  often  subglobose ;  sheaths  thick  and  firm ; 
heterocysts  both  basal  and  interjected,  single,  extremely  rarely  geminate, 

Remarhs. — This  species  grows  abundantly  in  the  Nisigara  Eivcr,  on  the  rocks 
below  the  great  cataract.  It  is  really  in  little  tufts,  but  these  are  in  many  cases 
placed  80  closely  as  to  form  a  broad  turf-like  coating  to  the  stones.  Often,  however, 
the  tufts  are  in  smaller  patches,  and  are  of  sufficient  length  to  wave  with  the 
eddies  and   currents  in   the  water.     The  branches  arc  almost  always  given  off 
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singly  since  I  have  examined  some  hundreds  of  specimens,  and  have  only  in  one 
instance  detected  them  in  pairs.  The  apices  of  the  branches,  and  indeed  of 
the  main  filaments,  are  beautifnlly  colorless  and  hyaline,  and  not  unfrequently  a 
branch  will  have  this  hyaline  sheath  for  a  long  distance.  The  extreme  ends  are 
mostly  truncate  and  open,  and,  often  near  them,  the  sheaths  will  have  marked 
swellings ;  a  condition  which,  for  want  of  a  better  term,  I  have  spoken  of  as  being 
havhaie.  Sometimes  near  the  end  of  the  filament  the  diameter  of  the  sheath  will 
be  suddenly  lessened.  The  large  cells  are  both  interstitial  and  placed  at  the  bases 
of  the  branches ;  they  are  more  or  less  oblong  or  quadrangular,  sometimes  being 
scarcely  longer  than  broad,  but  in  other  cases  several  times  longer.  At  their  posi- 
tion there  is  very  generally  a  sort  of  globular  enlargement  of  the  filament.  The 
sheath  is  sometimes  very  obscurely  lamellate.  The  color  of  the 'older  filaments  is 
a  dark,  almost  chocolate-brown.  This  is  apparently  the  species  referred  to  by 
Professor  Bailey  as  being  Satjionema  ocellaium  of  Harvey,  in  Silliman's  Journal,  vol. 
iii.  N.  S.,  although  that  plant,  according  to  Professor  Rabenhorst,  belongs  to  the 
genus  Siros{2>hon. 

Fig.  1  a,  pi.  7,  represents  a  portion  of  a  filament,  magnified  280  diameters;  fig. 
1  J,  a  whole  filament  slightly  magnified. 

S.  dnbiuni,  Wood  (sp.  no¥.) 

S.  immersum,  in  fioccis  mucoso-tomeiitosis  oliva^eo-nigris  plantas  aqnaticas  adhserens,  vel  in 
strato  mucoso  et  nonnihil  tomentoso  dispositam;  trichomatibua  valde  elongatis  et  arete  in- 
tricatis,  varie  cnrvatis,  plerumque  sparse  pscudoramoaiB;  pBeudoraninliB  plerumque  singulis, 
et  pins  minus  distantibas  et  modicc  brovibus,  vel  interdura  brevissirais  et  abortivis  et  nonnihil 
confertia;  trichomatibus  internis  sffipe  in  pseudoccllnlis  distinctis  contentis,  interdum  con- 
tinuis  et  indistincte  articniatis  vel  inarticulatis,  plerumque  dilute  cEeruleo-viridibuB  sed  inter- 
dum Isete  asrugineis,  subtiliter  granulatis;  vaginis  arctis  plerumque  modice  crassis  et  (irmis, 
hyalinis,  coloria  expertibus;  cellulis  perdurantibus  cylindricia,  diametro  3-6  plo  longioribus. 

XHam.— Cum  vag.  T^g^j"— j2»jjtj"=  .00025"— .0004". 

Eab. — In  aquis  quietis,  Cumberland  County,  New  Jersey. 

Immersed,  adbering  to  water  plants  in  olive-black  tomcntoae  flocculent  masses,  or  arranged 
in  a  mncous  and  somewhat  tomentose  stratum ;  tricbomata  very  long  and  closely  interwoven, 
variously  carved,  mostly  sparsely  branched ;  branches  generally  single,  more  or  lees  dif-tant, 
and  moderately  short,  sometimes  very  short,  abortive,  and  somewhat  crowded;  internal  fila- 
ment often  contained  in  distinct  cell-like  apartments,  sometimes  continuous  and  indistinctly 
articulate,  or  not  at  all  articulate,  fincJy  granulate,  mostly  a  pale  blnish-p-reen,  sometimcB  a 
bright  seruginous  color ;  sheath  close,  mostly  rather  thick  and  firm,  hyaline  colorless ;  helero- 
cysts  cylindrical,  2-6  times  longer  than  broad. 

Eemarhs. — T  found  this  plant,  September,  1869,  in  Shepherd's  Mill  Pond,  near 
Greenwich,  Cumberland  County,  New  Jersey.  It  formed  dark,  ugly,  somewhat 
slimy,'  tomentose  flocculi  adhering  to,  and  binding  together,  the  finely-dissected 
leaves  of  Ranunculus  aquatilis.  The  filaments  are  very  long,  slender,  and  sparsely 
branched.  The  branches  are  given  off  at  right  angles,  or  nearly  so,  but  are  fre- 
quently sharply  bent  just  above  their  origin.  They  are  often,  but  not  always, 
rather  short.  The  most  remarkable  character  that  the  plant  possesses  is  that  in 
many  filaments  there  are  very  distinct  regular  partitions  stretching  across  from 
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side  to  side,  so  that  the  interior  is  divided,  aa  it  were,  into  successive  cell-Hke 
chambers,  in  which  the  colored  protoplasm  is  contained.  This  character  seems 
almost  to  separate  the  plant  from  the  genus  Scytonema,  but  I  have  deemed  it 
insufficient  grounds  for  indicating  a  new  genus.  Since  writing  the  preceding 
remarks,  I  have  received  specimens  of  this  species  from  Professor  Eavenel,  who 
collected  them  in  South  Carolina,  near  the  town  of  Aiken,  They  agree  in  all 
respects,  except  that  they  form  a  dark,  mucous,  somewhat  tomentose  coating  to 
pieces  of  wood. 

Fig.  3  a  represents  the  outline  of  a  series  of  the  cells  alluded  to,  magnified  750 
diameters,  and  figs,  3  h  and  3  c,  portions  of  filaments  magnified  460  diameters, 

h.  Arboricolee. 

b.  Growing  on  trees. 

S.  cortex,  Wood. 

S.  miimtissimani,  strata m  tenue  aubmembranaceum  formante;  t rl cli o ma titj us  sparse  pseud o ram u- 
losis,  pseudoramulisque  repontibus  et  plus  minus  coiicretis,  viridibua  aut  dilute  fuscis, 
carvatis,  baud  rigidis;  cytioplaamate  viride,  artieulato,  rare  distiucte  granuloso;  articuli 
diametro  longioribus  aut  brevioribas;  vaginis  arctis,  noniiihil  tcBuibus,  plenimque  coloria 
expertibus,  sed  interdum  dilute  fuacis;  cellulis  perdurantibus  et  singulis  et  geminis,  et  basa^ 
libus  ct  inteijeetis,  globosis  vel  subglobosia. 

Diam. — Trich.  cum  vag,  tsW" — teW- 

Syn. — Scytonema  cortex,  Wood,  Prodromua,  Proc.  Am.  Pbilos.  Soc,  1869,  p.  130. 

E.ah. — South  Carolina. 

S.  very  minute,  forming  a  thin,  submembranaeeous  stratum ;  filaments  sparsely  branched,  toge- 
ther with  the  branches,  creeping  and  more  or  less  concreted  together  by  their  sides,  green  or 
light  brown,  variously  curved,  not  rigid;  cytioplasm  (internal  filament)  articulate,  rarely 
distinctly  granulate;  joints  longer  or  shorter  than  broad;  sheaths  close,  rather  thin,  trans- 
parent, generally  colorless  but  sometimes  light  brown;  heteroeysts  globular  or  subglobular, 
single  or  in  pairs,  basal  or  otherwise.. 

Bemarhs. — I  have  specimens  of  this  species  collected  in  South  Carolina  by  Pro- 
fessor Eavenel,  who  found  it  growing  on  the  bark  of  Platanus  ocddentalis.  The 
thin,  almost  membranous  stratum  which  it  forms,  is  of  a  dark  olive-black,  and  has 
to  the  eye  a  sort  of  minutely  warty  appearance.  The  filaments  are  so  involved 
and  so  adherent,  one  to  the  other,  that  I  have  not  been  able  to  separate  any  length 
of  them,  nor  are  the  branches  distinguishable  from  the  main  filaments.  The  sheaths 
are  rather  thin,  and  often  not  very  apparent. 

Fig.  4,  pi,  6,  represents  tliis  species, 

S.  Barenelii,  Wood. 

S.  lignieoia,  breve  ctespitosum,  Tiride-nigrum ;  tvichomatihus  plerumque  rcpentibas,  vel  fnsco- 
olivaceis  vel  aureo-fuscis,  modice  pseudoramosis ;  ramis  ascondentibus,  rigidis,  flexuosis  rare 
pseudoramulosis,  vel  fusco-olivaceis  vel  aureo-fnscts,  rarissime  cum  apicibus  sabachrois ;  tri- 
chomatibus  internis  coloris  expertibus,  granulosis,  siepe  vagina  eriimpentibus,  plerumque 
articulatis;  artieuhs  diametro  longioribus  aut  brevioribus;  vaginis  arctis,  crassibua,  fuseo- 
olivaceis  vel  aureo-fuscis,  plerumque  supra  traucatis  et  apertis,  auperficie  nonnnnquam  irregn- 
laribns;  cellnlis  pordurantibns  subquadratis  vel  subglobosis  singulis  aut  rare  geminis,  intej- 
jectis ;  in  stato  juvene  trichomatibus  internis  srugineis,  vaginia  tennibus. 
Cifflm.— Trich.  cum  yag.  7 /ob"— 7/017"  j  ram  cam  vag.  t/bit"— 7/55"  5  trich.  aine  vag.  ^tj\-^" 
—2.0005." 
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Syn. — S.  Maveneln,WoOB,  Prodromas,  Proc.  Am.  Philos.  Soc,  1869,  p.  130. 

Hab. — In  cortice,  South  Carolina. 

S.  Forming  little  turfy  spots  of  a  grecnisli  color,  on.  bark ;  filaments  mostly  creeping,  either 
browmsh-oHve  or  yellowish-brown,  moderately  branched  ;  branches  ascending,  rigid,  flexu- 
ouB,  very  rarely  provided  with  secondary  branehleta,  either  browaish-olive  or  yellowish- 
brown,  rarely  snbtransparent  at  the  apex ;  cytioplasm  colorless,  granular,  often  extending  out 
beyond  the  sheaths,  generally  articulate ;  joints  longer  or  shorter  than  broad  ;  sheaths  close, 
thick,  brownish-olive  or  yellowish-brown,  for  the  most  part  truncate  at  their  ends  and  open, 
their  surface  sometimes  irregular ;  heteroeyets  subquadrate,  single,  interstitial. 

Remarlcs. — I  am  indebted  to  Prof.  H.  W.  Kavenel  for  specimens  of  this  very 
distinct  species.  Some  of  these  are  labelled  as  having  gro^vn  on  the  twigs  of  a 
celtis  in  South  Carolina,  other  specimens  are  on  the  bark  of  a  willow.  The  branches, 
which  are  mostly  shortish,  simple,  and  variously  curved,  are  sent  up  in  great 
numbers  by  the  creeping  stems,  and,  like  the  stems  themselves,  are  mostly  free, 
but  not  unfrequently  are  closely  adherent  by  their  edges. 

The  internal  trichoma  or  cytioplasm,  owing  to  the  great  thickness  of  the  sheaths, 
is  not  very  apparent  within  these  latter,  but  not  unfrequently  projects  for  a  dis- 
tance beyond  them,  when  it  is  seen  to  be  colorless,  very  granular,  and  mostly,  but 
not  always,  distinctly  articulated.  In  the  young  plant  the  filaments  are  brightr 
green,  often  not  more  than  j^V^  of  an  inch  in  thickness,  and  have  the  sheath  very 
thin,  or  may  be  almost  imperceptible.  It  affords  me  great  pleasure  to  dedicate 
this  species  to  Professor  Eavenel,  not  as  an  acknowledgment  merely  of  his  aid  in 
my  studies  of  this  hitherto  neglected  branch  of  the  North  American  Flora,  but 
rather  of  the  great  services  he  has  rendered  science  in  some  of  its  kindred 
branches. 

Fig.  4,  pi.  5,  represents  the  end  of  a  filament  of  this  species  magnified  some  450 
diameters. 

Genus  TOLYPOTHRIX,  Ktz. 

Triclioma  ecytonemacea  cum  cellulis  perdnrantibus  eeriatis. 

Filament  similar  to  that  of  scytonema,  but  with  the  heteroeysts  seriate. 

T>  distorta,  (Mijller)  Kutz. 

T.  caespitoso-floecosa,  Itete  et  pnlchre  viridis;  trichomatibas  intertestis,  Icete  viridibus,  modo 
distincte  articulatis  modo  inarticulatis ;  articulis  diametro  brevioribus  ssepe  aut  sub-nullis 
aut  nullis;  psendoramulis  singulis;  vaginis  arctis,  homogeneis,  vitreia  ;  cellulis  perdnrantibus 
basilaribus  et  interdum  interjectis,  pachydermaticis,  plerumque  in  parallelogrammEC  enormia 
forma,  plerumque  4-seriatis,  subachrois,  interdum  sparsissime  grannlatis. 

Diam, — x  Vtr  u" — 3  o  oc"  ■ 

Syn. — T.  distorta,  (Muller)  Ktz.     Rabeniioest,  Flora  Europ.,  Algarum,  Sect.  11.  p.  275. 

Eab. — In  aquario,  Philadelphia,  Wood.  Rhode  Island  (Olney)  Thwaites.  Warden's  Pond, 
Rhode  Island;  Reservoir  Pond,  West  Point ;  Fourth  Lake,  Madison,  Wisconsin,  Bailey. 

Flocculent  csespitoae,  bright,  beautiful  green  ;  filaments  interwoven,  bright  green,  partly  dis- 
tinctly articulate,  partly  continnops  ;  articles  shorter  than  long,  often  very  indistinct,  some- 
times absent;   branches  single;  sheaths  close,  homogeneous,  glassy;   heteroeysts  basilar, 
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somt'times  interspersed,  thiek-walled,  mostly  irregulurly  parallelogrammatic,  mostly  4-seriate, 
semi  transparent,  sometimes  very  sparsely  granulate. 

Eemarhs. — This  species  grew  spontaneously  in  the  aquarium  of  my  friend  Dr. 
Fricke,  to  whom  I  am  indebted  for  specimens  of  it,  forming  little,  bright-green 
balls  adherent  to  the  various  aquatic  plants.  It  approaches  so  very  closely  the 
European  T.  distorta,  that  I  have  considered  it  as  a  mere  variety  of  it,  although  it 
diifers  in  having  the  heterocysts  mostly  arranged  in  fours,  and  also  apparently  in 
their  shape — they  being  in  our  plant  mostly  parallelogrammatic. 

Fig.  1  a,  pi.  8,  represents  a  section  of  heterocysts  magnified  800  diameters;  fig. 
1  i,  a  portion  of  filament  magnified  800  diameters. 

Genus  PETALONEMA,  Bekk.  (1833.) 


Scytonematis  trielioniata  vaginis  crassissimis  e  stratis  numerosBissimis  brevioribua,  iofHudibuU- 
formi  dilatatis,  imbricatis  ct  plemmque  dilutiesime  coloratis  compositis.    (R,) 

Syn. — Arthrosipkoii,  Ktz.  (1845.) 

"  Filaments  stratified,  decumbent,  free,  simple,  or  branched.  Tube  or  sheath  very  wide,  flat- 
tened, longitudinally  and  transversely  striate  and  crenulate  at  the  edge  ;  endochrome  oliva- 
ceotts  annulatcd,  here  and  there  interrupted  by  a  heterocyst.  Branches  issuing  in  pairs, 
formed  by  the  division  and  protrusion  of  the  endochrome  of  the  original  filament. 

"When  placed  under  the  microscope  the  filaments  present  the  appearance  of  a  cyhndrical  cen- 
tral column,  containing  annulated,  olive-colored  endochrome,  and  a  wide  wing-like  border  at 
each  side  of  the  column.  This  border  or  sheath  is  obliquely  striate,  the  strise  running  in  an 
arch  from  the  margin  toward  the  centre,  where  they  become  parallel,  and  are  then  continued 
longitudinally  downward  along  the  medullary  column,  till  lost  in  the  density.  The  margin 
of  the  wing  is  closely  crenulate  and  in  age  transversely  striate  at  the  crenatnres  as  though 
jointed,  Such  is  the  apparent  structure;  the  real  structure  seems  to  be,  that  an  annu- 
lated central  filament  is  inclosed  within  a  number  of  compressed,  trumpe1>mouthed  gelatiiio- 
membranaceous  tubular  sheaths,  one  arising  within  the  other,  and  successively  developed  as 
the  growth  proceeds.  These  sheaths,  thus  concentrically  arranged,  are  indicated  by  arching 
longitudinal  strife;  and  the  mouths  of  the  younger  sheaths,  projecting  slightly  beyond  those 
of  the  older,  form  the  crenatures  of  the  margin."   HAavBY. 

P.  alatum,  Ebrk. 

A.  pulvinato-crustaceus,  rupicola,  varie  coloratus;  trichomatibus  internis  lerugineis,  curvatis, 
parce  pseudoramosis,  modo  eontinuis,  raodo  torulosis,  submoniiiformibus,  apice  plemmque 
paulum  iucrasaatis,  ssepe  roseolis,  rotundatis;  articnlis  distinetis,  granulosis,  diaraetro  sub- 
fequaiibus  vel  paulo  brevioribus;  vaginis  stratis  internis,  aureis  vet  aureo-fuscentibus, 
externis  achrois,  vitrcis ;  cellulis  perdurantibus  interjectis  et  ad  psendoramulorum  basin, 
plerumque  solitariis,  subglobosis  vel  oblongis,  dilute  fuscis.  (R.)  Species  miki  ignota. 
Diam.— Trich.  intern.  O.O0O16"— 0.00032";  vag.  COOBtt".  (R.) 
Syn. — Arthrosiphon  alalus,  (Gkev.)  Rabenh.  Flora  EUrop.  Algarnm,  Sect.  II.  p.  265. 

Pelaloneina  alatum,  Berkeley.     Habvet,  Nereis  Boreis  Americana,  part  iii.  p.  99, 

Smithsonian  Contributions,  1846. 

Hab. — "  On  dripping  rocks  under  Biddle  Stairs,  Niagara  Falls,"  (Harvey.) 

"  This  forms  strata  of  a  dark  chestnut -brown  color  and  of  indefinite  extent  on  the  snrface  of 

rocks  or  soil  exposed  to  the  constant  drip  of  water.     The  filaments  are  decumbent,  lying 

without  order  in  the  gelatinous  matrix  in  which  they  are  developed,  and  which  forms  the 
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groundwork  of  the  stratum.  Tbey  appear  to  be  unattaeljed  to  the  soil,  and  each  filament 
may  be  about  half  an  inch  ia  length ;  but  they  are  commonly  found  broken  off  at  the  inferior 
end,  or  the  lower  part  decays  whilst  the  upper  coutinues  to  grow.  They  are  slightly  curved, 
in  serpent-like  fashion,  never  quite  straight ;  at  first  they  are  simple,  but  now  and  then  emit 
lateral  branches,  which  issue  at  cousiderahle  angles  and  generally  in  pairs.  When  a  filament 
is  about  to  branch,  a  rupture  takes  place  in  the  side  of  the  sheath,  and  the  endocbrome  issues 
iu  two  portions,  one  connected  with  the  upper,  the  other  with  the  lower  half  of  the  filament; 
these  form  the  nuclei  or  medullary  portion  of  two  new  branches  and  become  duly  invested  with 
a  membranous  sheath,  and  gradually  put  on  the  aspect  of  the  adult  filament.  The  endo- 
chrome  is  granular,  dark-brown,  and  annulatcd  at  short  intervals,  the  transverse  rings  being 
placed  very  close  together  in  the  youngest  portions,  and  less  closely  in  the  older,  where  they 
are  distant  from  each  other  about  twice  the  diameter  of  the  column.  This  annulated  endo- 
chronie  is  interrupted  at  certain  fixed  places,  where  an  ellipsoidal  cell  is  formed,  separating 
the  endochrome  of  the  lower  from  that  of  the  upper  portions."  Hakvet, 

Remarks. — I  have  never  seen  either  the  genus  or  species,  and  therefore  am 
forced  to  copy  the  descriptions  of  both  from  Rabenhorst  and  Harvey. 


Family  SIROSIPHONACE^. 

Thallua  ramosuB,  e  celluiis  paehydermaticis  ant  uni  vel  pluri  acratis  et  in  vagina  ampla  inclusia 
foraiatus,  interdam  celluiis  perdurantibus  instructus.  Ramiflcatio  vera  fit  cellularnm  vegetativarum 
quarundam  divisione  in  axis  longitudinalis  directionem,  qua  ex  re  cellulfe  duse  sororite  gignuntur ; 
cellula  inferior  in  trichoraalis  continuitate  permauet,  superior  divisione  continua  repetita  in  eandem 
directionem  so  ad  ramum  e.\plicat. 

Propagatio  ad  hue  ignota. 

Frond  branched,  formed  of  thick-walled  cells  in  an  ample  sheath,  sometimes  furnished  with  hete- 
rocysts.  Cells  uni-  or  multi -seriate.  Branches  formed  by  a  longitudinal  division  of  certain 
cells,  so  as  to  form  two  sister  cells;  the  inferior  of  which  remains  as  part  of  the  trichoma,  whilst 
the  other,  by  repeated  divisions,  grows  into  a  branch. 

Propagation  not  known. 

Remarlca. — The  Sirosiphonac&B  are  the  most  complex  in  their  organization  of 
all  the  Phycodiromophycew,  in  so  far  as  the  protoplasm  within  the  sheaths  is  every- 
where broken  up  into  a  number  of  distinct  cells,  each  of  which  is  provided  with 
a  thick  coat  or  wall  as  well  as  in  the  circumstance  of  the  frond  having  more  perfect 
branching.  The  so-called  pseudo-branches  in  the  other  families  are  more  truly 
comparable  to  distinct  fronds  or  tlialli  remaining  attached  to  the  parent  thallus 
than  to  distinct  branches,  whilst  among  the  sirosiphons  the  branches  really  belong 
to  the  original  thallus.  The  hetcrocysts  are  much  more  frequently  absent  than 
present,  only  one  of  the  known  American  species  being  furnished  with  them. 
The  sheaths  are  generally  not  so  distinctly  sheaths  as  among  the  oscillatoria,  &c., 
for,  instead  of  being  distinct  tubes,  they  appear  rather  in  most  cases  as  masses  of 
firm  jelly,  the  outer  portion  of  which  is  hardened  almost  into  a  periderm,  and  in 
the  inner  part  of  which  the  cells  are  imbedded.  Their  color  varies  from  the 
transparent  colorlessness  of  glass  to  a  dark  opaque-brown.  Their  surface  is  per- 
haps most  frequently  smooth,  but  at  times  is  tuberculate  or  otherwise  roughened. 
I  have  never  seen  anything  like*  spores  about  them. 
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These  plants  grow  in  the  majority  of  cases  in  the  air,  in  such  situation  as  on 
the  face  of  dripping  rocks,  on  the  trunk's  and  hranchcs  of  trees,  ou  moist  ground, 
&c.;  but  some  of  the  species  are  found  in  the  water,. either  attached  or  floating. 
They  generally  form  little  mats  of  indefinite  extent,  but  occasionally  the  filaments 
are  united  more  closely  into  an  almost  membranaceous  stratum. 

The  species  arc,  I  think,  in  most  instances  readily  distinguished,  the  characters 
being  partly  discoverable  with  the  unaided  eye  and  partly  microscopic.  The 
points  to  be  attended  to  in  the  first  category  are  the  size,  color,  form,  and 
consistency  of  the  mats  of  fronds,  and  the  place  of  growth.  In  the  second  are 
included  the  general  shape  of  the  frond  and  its  size  and  method  of  branching; 
the  general  shape,  color,  and  size  of  the  cells,  the  thickness  of  their  walls  and  the 
method  of  their  arrangement,  both  in  the  main  thallus  and  the  branches,  also  the 
form,  &c.,  of  the  end  cells  of  the  branches;  the  heterocysts,  their  absence,  or,  if 
present,  their  frequency,  size,  shape,  color,  and  position;  the  sheaths,  their  color 
and  firmness,  and  the  character  of  their  surface. 

Genus  SIROSIPHON,  Ktz. 

Trichomata  torulosa,  vaginata,  plemmque  ramossissima  et  anreo-  vel  olivaeeo-fusca,  e  ccllulis 
pachydermaticiB  1-2-3  vel  plari-seriatis  formata  et  ceilulis  intcrstitialibus  (ssepe  nullis)  subgiobosia 
VL'I  oblongis  coloratis  instnicta.  Vagina  plcrumque  crassissima,  firma,  pulcbre  aureo-fusca,  tutca 
vel  olivacca,  in  apicem  obtusum  plus  minus  attenuata. 

Filament  torulose,  sheatiied,  mostly  very  much  branched,  yellowish,  or  ol i v ace oos-fu scons,  formed 
of  thick-walled  1-3-3  or  many  seriate  cells  and  furnished  wit!i  interstitial  cells  (often  wanting) 
which  are  globose  or  oblong  and  colored.  Sheaths  mostly  very  Ihick,  firm,  beautiful  golden  fus- 
cons,  clay-colored  or  olivaceons,  more  or  less  attenuate  at  the  obtuse  apex. 

a.  Cellula  in  trickomaCibus  plerumque  in  serie  simpUce  veldvplici  ordinata. 
a.  Cells  mostly  arranged  in  a  simple  or  double  series  in  the  filament 
S.  scytenematoides,  Wood. 

S.  strato  eubmembranaceo,  nigro-viride,  ssepe  intermpto,  cam  superfieie  Inajquale;   trichoma- 
tibns  atepe  arete  Intricatia,  flexuosia  aut  varie  eurvatis,  hand  rigidis,  plerumque  vix  ramosis ; 
ceilulis  uniseriatis,  interdum  interrnptis,  arctis,  irregulare  quadrangulis,  diametro  subasqua- 
libus  aut  1-3  plo  hrevioribus,  haud  distincte  granulatis,  eienileo-viridibns;  vaginis  amplis, 
hand  distincte  lamellosis,  superfieie  enorrailer  corrugatis  et  hirtis,  plerumque  coloris  experti- 
bns  sed  interdum  dilute  bruimeis. 
iJmm.— Sine  vag.  max.  y/g^"  =  .00066";  cam  vag.  max.  ^Jg^''^  .0013". 
Syn. — S.  scytenemaioides,  Wood,  Prodromns,  Proc.  Amer,  Philos.  Soc,  1869,  p.  134. 
Hab. — South  Carolina.     (Raveoel.) 

S.  In  a  submemhranacoona,  blackish -green,  frequently  interrupted  stratum,  with  an  uneven 
surface  ;  filaments  often  closely  intricate,  flexuous  or  variously  curved,  not  rigid,  mostly 
sparsely  branched  ;  cells  uni-seriate,  sometimes  interrupted,  close,  irregularly  quadrangular, 
about  equal  in  length  to  their  diameter,  or  about  1-3  times  shorter,  not  distinctly  granulate, 
bluish-green;  sheaths  ample,  not  distinctly  lamellate,  their  surface  rough  and  corrugate, 
transparent,  mostly  colorless,  sometimes  light-brown. 

Remarks. — This  species  was  collected  in  South  Carolina  by  Prof.  Ravenel,  who 
found  it  in  the  month  if  February  growing  on  the  limbs  of  Mi/rica  cerifera.     The 
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blackish-grcen  layer,  which  it  makes  upon  the  bark  is  very  peculiar,  being  almost 
membranaceous,  and  especially  in  the  dried,  state,  presenting  a  rough,  somewhat 
warty  surface.  The  trichomata  have  the  sheath  more  distinctly  in  the  form  of  a 
hollow  cylinder,  or,  in  other  words,  more  plainly  a  sheath,  than  any  other  species 
1  have  seen  of  the  genus ;  the  cells  are  also  without  any  apparent  walls,  and  are 
placed  very  closely  together,  so  that  the  whole  filament  looks  very  like  a  scyto- 
nema. 

Fig.  1,  pi.  9,  represents  a  portion  of  a  frond  magnified  260  diameters. 

S.  pellncidulus,  Wood. 

S.  imniersos;  triclioniatibus  raniossissirais,  solitariis  vel  subsolitariis ;  ramia  plerumque  unila^ 
teralibus,  raraulosis ;  ramulorum  apicibus  late  rotundatis,  haud  attenuatis;  cellulis  in  serie- 
bus  simplicibua  dispositis,  in  trichomatibas  nonnthil  rotundatis,  in  raranlts  ssepe  angularibus, 
plerumque  compressis,  diametro  tequalibus — 4  plo  brevioribus;  terniinalibus  cjlindricis  et 
obscure  artieulatis ;  cellulis  interstitialibua  nullis ;  vaginis  arctis,  hjalinis,  baud  lamellosis ; 
cjtioplasmate  asrugineo  vel  brunneo,  minute  granulato. 

Diam. — Trich.  cnm  vag.  tebu"  =  .00106"  ;  sine  vag.  =  ,0008". 

Syn. — S.  pellucidulus.  Wood,  Prodromus,  Proc.  Amer.  Phiios.  Soc,  1869,  p.  133. 

Bab. — In  stagtiis,  prope  Hibernia,  Florida.  (M.  W.  Canby,) 

S.  immersed  ;  filaments  very  raucb  branched,  solitary  or  subaolitary  ;  branches  mostly  unilateral, 
branched;  apices  of  the  braocbes  not  attenuate,  broadly  rounded;  cells  disposed  in  a  simple 
series,  in  the  trichoma  somewhat  rounded,  in  the  branches  frequently  angular,  mostly  com- 
pressed, from  equal  to  4  times  shorter  than  the  diameter;  terminal  cell  cylindrical,  obscurelv 
articulate;  interstitial  cells  none ;  sheath  close,  hyaline,  not  lamellate;  cytioplasm  lerugin- 
ous  or  brown,  minutely  granulate. 

Remarlcs. — This  species  was  collected  by  Mr.  WiUiam  Canby  in  a  little  marsh 
pool  near  Hibernia,  Florida.  The  branches  are  given  off  in  abundance,  mostly  in 
a  unilateral  manner,  are  often  very  long,  and  about  equal  in  diameter  to  the  main 
filament,  and_  give  origin  to  numerous  branchlets.  The  sheaths  are  very  trans- 
parent and  very  close.  I  have  never  seen  them  in  any  way  lamellate  or  fibrous, 
or  of  any  color.  The  cells  do  not  have  very  apparent  walls.  In  the  main  fila- 
ment and  branches  they  are  globose,  or,  more  commonly,  very  much  compressed, 
hut  in  the  newer  branches,  and  sometimes  in  the  older,  they  are  very  angular. 
The  few  cells  near  the  end  of  the  branches  are  so  shaped  as  to  remind  one  of  the 
phalanges  of  the  fingers.  The  last  cell  is  cylindrical  and  has  a  ntimber  of  cells 
indicated  in  it.  The  color  of  the  young  ecUs  varies  from  a  deep  bluish-green 
to  a  ferrughious-brown — that  of  the  older  from  a  light  bluish-green  to  ferruginous- 
brown. 

Fig,  2  a,  and  2  h,  pi,  8,  represent  portions  of  filaments  of  this  species. 

S.  compactiis,  (Ac.)  Ktz. 

S.  strato  expanso,  tomentoso,  fnsco-nigro;  trichomatibus  elongatis  raniulisquo  adscendentibns, 
apice  interduDi  paullum  attennatts  sed  stepe  clayatis,  obtusis ;  trichomatibus  internis  e  cellu- 
larum  serie  simplici  formatis,  et  plerumque  raoniliformibus  ;  cellulis  diametro  subtequalibus 
Tc!  brevioribus,  subglobosis  vel  siAquadratis,  siepe  compressis ;  cytioplasmate  dilute  cEeruleo- 
viride,  subtiliter  granulatis ;  cellulis  apioalibuscylindricis  et  oscillarium  modo,  scepe  indistincte, 
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articulatis ;  vaginis  firniis  anreo  vol  rubido-fuscis,  in  ramuHs  ssepe  suhluteis,  liaud  distincte 
lamellosia;  cellulis  perdurantibus  pleruraque  modice  nuoierosis,  singulis,  subglobosis,  ssepe 
valde  compresais,  dilute  fuBcentibus. 


J3tom.— Plerumque  js'inriF" — 13^011"=  0008"— .001" ;  max.  ^sos"  =  ■0013";  cell,  per  do  rant. 
Ts?5(r"  = -00058". 

Syn. — Scytonema  compactum,  Agaedh.  Syst  p.  38,  N.  3.     Harvey's  Manua!,  p.  154. 
Hassalia  compacia,  Hassal,  Fresh-water  Algte,  p.  232,  t.  Isviii.  f.  3. 
Sirosiphon  compactus,  (Ao.)  Ktz.  Rabenhorst,  Flora  Algarum,  Sect.  II.  p.  287. 

Eab. — 111  rupibus  calcareis,  New  Jersey.   (Austin.)     Prope  Salem,  Mass.   (Russel.) 

Stratam  expanded,  tomentose,  fuscous-black;  filaments  and  brauches  ascending,  with  their 
obtuse  ends  sometimes  slightly  attenuate  but  often  clavate;  internal  filaments  composed  of  a 
single  series  of  cells,  mostly  moniliform;  cells  shorter  than  or  nearly  as  long  as  broad, 
sabglobose  or  subquadrate,  often  compressed ;  apical  cell  cylindrical  and  articulate  somewhat 
like  an  oseillatoria;  cytioplasm  light  bluish-green,  finely  granulate;  sheath  firm,  reddish  or 
yellowish-brown,  yellowisb  in  the  branches  and  near  the  ends;  heterocjsts  mostly  rather 
numerous,  single,  subglobose,  brownish. 

RemarJcs. — The  specimens  from  which  the  above  description  was  drawn  up 
were  received  from  Messrs.  Austin  and  Russell,  and  have  been  considered  as 
identical  with  the  European  S.  compactus,  although  not  in  absolute  agreement 
with  the  descriptions  thereof.  The  most  important  of  the  differences  are  in  the 
matter  of  size,  the  measurements  given  by  Prof.  Eabenhorst  not  equalling  those 
attained  to  by  the  American  plant. 

The  differences,  however,  do  not  seem  sufficient  to  separate  the  forms,  and, 
in  the  absence  of  European  specimens,  the  two  have  been  considered  one  species. 
The  sheaths  in  the  older  portions  of  the  filaments  are  nearly  opaque,  but  in  the 
branches  and  younger  portions  they  are  quite  translucent.  The  hetcrocysts  some- 
times are  truncate  at  one  end.  The  internal  cells  are  rarely  arranged  in  a  double 
series,  such  arrangement  is,  however,  much  more  common  in  the  specimens  re- 
ceived from  near  Salem,  than  in  those  found  in  Northern  New  Jersey.  Mr.  Eus- 
sell's  specimens  are  labelled  as  growing  on  shaded  and  moist  rocks  in  patches  two 
or  three  inches  wide. 

Fig.  3  a,  pi.  8,  represents  the  end  of  a  filament  of  this  magnified  150  diameters; 
3  &,  a  fragment  magnified  250  diameters ;  3  c,  a  heterocyst  magnified  860  dia- 
meters. 

S.  Crameri,  BRiioa. 

S.  csespitibus,  tomeiitoais,  spatiose  expansis,  fusco-nigris ;  trichomatibus  rage  ramosis;  ramis 
plerumque  singulis,  ssepe  elongatis,  srepe  claTatis ;  cellulis  intcrnis  uniseriatis,  diametro  sub- 
lequalibas  vel  brevioribus,  interdum  subglobosis,  ssepe  subquadratis,  in  fetate  provecta  stepe 
e  pressione  mutua  valde  compressis  et  transverse  oblongis,  aureo-fulvis  vel  in  state  juvene 
interdum  terugiueis;  cell nl is  terminal ib us  in  massam  snbcylindricam  eoalesccntibns ;  cellulis 
perdurantibus  nullis  ;  vaginis  aureo-fascis  in  tetate  provecta  plus  minus  subopacia  et  distincte 
lamellosis,  in  fetate  juvene  plus  minus  pellucidis  et  stepe  coloris  expertibus. 

2J(om. —Trich.  cum  vag.  max  plerumque  .002";  interdum  .00225";  ram,  .0015"— .0025" ;  trich. 
sine  vag.  .00083".  ^ 

Syn. — S.  Crameri,  BRtJGO.     Rabenhorst,  Flora  Europ.  Algar.,  Sect.  11.  p.  288. 
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Bab. — Id  rupibaa  irroratis  inter  muscis  minutis.  Mount  Tahawns  (vulgo  Mount  Marcy),'  alt. 
6000  feet. 

Forming  a  blackish,  widely  expanded,  tomentose  turfy  covering  to  rocks ;  filament  with  scat- 
tered branches ;  branches  mostly  single,  often  elongate  and  olavate ;  cells  uniseriate,  about 
equal,  or  shorter  than  long^  sometimes  subglobose,  often  subquadrate ;  in  advanced  age  often 
strongly  compressed  and  transversely  oblong  from  mutual  pressure,  yellowish,  or  sometimes, 
■when  young,  greenish ;  the  apical  cells  coalcscent  into  an  irregularly  cylindrical  mass  ;  hete- 
rocysts  wanting  ;  sheaths  yellowish-brown  ;  at  maturity  more  or  less  subopaque,  and  distinctly 
lamellate ;  in  youth  more  or  less  transparent,  and  sometimes  colorless. 

Remarks. — Near  the  top  of  Mount  Tahawus,  in-the  Adirondack  Mountains, 
there  is,  at  an  altitude  of  about  five  thousand  feet,  a  steep  slope  of  bare  rock, 
the  bed  of  an  old  landslide,  over  portions  of  which  water  is  continually  drip- 
ping. In  such  places  the  plant  under  consideration  flourishes,  forming  with 
some  very  minute  mosses  a  blackish,  turfy  coating  to  the  rock  of  many  feet, 
or  even  yards,  in  extent.  The  specimens  agree  well  with  the  descriptions  of  the 
European  plant,  which  also  grows  at  about  the  same  altitude  as  the  American. 
They  have,  however,  one  peculiarity  not  noted  in  description  of  the  European 
form,  namely,  that  oftentimes  the  sheath  of  a  branch  widens  out  until  it  is  actually 
much  larger  than  the  main  filament.  The  color  of  the  cells  in  the  European  form 
is  said  to  he  seruginous;  but  I  conceive  this  depends  somewhat  upon  the  age  of 
the  specimens  and  is  scarcely  of  primary  value.  The  only  other  difference  worth 
noticing  is  that  my  measurements  exceed  somewhat  those  given  of  the  European 
plant.  I  do  not  think,  however,  there  is  any  good  ground  for  separating  the  forms 
as  distinct  species. 

The  finding  of  an  Alpine  plant  growing  on  a  mountain  half  way  across  the  world 
from  its  first  discovered  home,  at  practically  the  same  altitude,  is  a  matter  worth 
noting  as  a  fact  in  Botanical  Geography. 

S.  neglectns,  Wood. 

S.  immersus;  trichomatibus  subsolitariis,  iongis  usque  ad  lineas  quatuor,  cylindricis,  ramossis- 
simis  ;  ranaulia  singulis  ;  cytioplasmate  interdum  serugineo,  plerumque  aureo-brunneo;  cellulis 
uniseriatis  rarissime  biseriatis,  subglobosis,  interdum  sejunetis  sed  plerumque  arete  connectis 
et  moniliformihus,  modo  confiuentibna,  hand  diatincte  pachydermaticis ;  cellulis  tcrminalibus 
elongato- cylindricis,  stepe  nonnihil  oscilatorium  modo  articulatis ;  cellulis  interstitiaiibus  nuHis ; 
va^flis  interdum  brunneis,  plerumque  coloris  expertibus. 

Diam. — Trichom.  cum  vag.  j},,"  =  .OOIT"  ;  sine  vag.  tbW  =  -001". 

Syn. — S.  neglectus,  Wood,  Prodromus,  Proc.  Amer.  Philos.  Soc,  1869,  p.  133. 

Sab. — In  stagnis.  New  Jersey, 

S.  immersed,  subsolitary,  attaining  a  length  of  4  lines,  cylindrical,  very  ranch  branched ;  branches 
single  ;  cytioplasm  asruginons,  mostly  yellowish-brown  ;  cells  uniseriate,  very  rarely  biseriate, 
subglobose,  sometimes  separate  but  more  frequently  closely  united  and  moniliform ;  terminal 
cell  an  elongated  cylinder,  often  articulate  somewhat  like  an  oscillator ia ;  interstitial  cells 
wanting ;  sheaths  transparent,  sometimes  brown,  mostly  colorless. 

'  "  Tahawus,"  cloud  splitter.  The  Indian  names  of  the  American  mountains  ought  to  be  retained, 
in  spite  of  the  fact  that  some  vulgar  Jand  surveyor  has  defiled  the  Adirondacks  with  the  names  of 
politicians,  through  whose  influence  he  h^ped  for  patronage. 
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Remarks. — This  plant  was  found  in  a  very  stagnant  pool,  forming,  with  various 
other  species  of  algse,  a  gelatinous,  aeruginous-brown  stratum,  through  which  the 
single  plants  were  thickly  scattered,  without  anywhere  forming  the  major  portion 
of  the  mass.  The  plants  themselves  are  large  enough  to  be  distinguished  by  the 
unaided  eye.  Under  the  microscope  the  sheaths  are  seen  to  be  exceedingly  trans- 
parent and  colorless,  except  in  the  older  part  of  the  filament,  where  they  are  often 
dark  brown  and  opaciue;  but  even  in  such  case,  the  edges  are  translucent  and 
lighter  colored. 

The  internal  cells  or  globose  masses  rarely  have  distinct  coats,  and  even  when 
such  were  apparent,  as  in  the  older  portions  of  the  plants,  there  appeared  to  be  a 
communication  between  the  cells.  The  original  main  stem  is  rather  short,  shorter 
often  than  numerous  branches  into  which  it  breaks  up.  Very  often  the  apices  of 
the  branches  are  colorless  and  entirely  empty,  consisting  simply  of  sheath ;  often, 
however,  they  are  occupied  by  a  cylinder  of  protoplasm,  which  is  sometimes  arti- 
culated more  or  les.s  distinctly  like  an  oscillatoria. 

Fig.  4,  pi.  8,  represents  a  fragment  of  a  filament  with  a  small  branch. 

S.  lignicola,  Wood. 

S.  strato  expaneo,  tomentoso,  atro ;  trlchomatibus  ramossissimis,  arete  intertextia ;  ramulis  ab- 
breviatis  vel  elongatis,  subrcctia  aut  firio  curvatis,  apidbus  obtuse  rotundatis  vel  sabacumi- 
natis  ;  trichomatuni  et  ramiilm  ura  cellulis  uni-  rel  biseriatis,  rare  in  trichomatibns  niatnris  mul- 
tiseriatis,  plerumqae  pachyderm atic is  dilute  vel  saturate  sBrugiaeis,  enormibus,  plerumque 
homogeneis ;  cellalia  tcrminalibus  la  trichomatibns  immaturis  eloDgatis,  cyliodricis,  eaipius 
nonoihil  oscillatorium  modo  articuiatis  granalosis;  vaginis  sat  ampiia,  haud  aclirois,  Tei 
lute  o-bru  tine  is  vel  fuseentibus  vel  ferrugmeis. 

Diam. — Trich.  cum  vag.  max.  ij^o"  =  -00066". 

Syn. — S.  Ugnicola,  Wood,  Prodromua,  Proc.  Amer.  Pbilos.  Soe.,  1869,  p.  133. 

Hab. — South  Carolina.     (Ravenel.) 

Occurring  in  an  expanded,  tomentose,  black  stratum;  filaments  very  much  branched,  closely 
interwoven,  branches  abbreviate  or  elongate,  nearly  straight  or  variously  curved,  their  apices 
obtusely  rouDded  or  subacuminato ;  cells  1-2  seriate,  mostly  thick-w ailed,  light  or  deep 
ffiTuginons,  irregular,  mostly  homogeneous ;  terminal  cells  elongate,  cylindrical,  frequently 
articulate  somewhat  like  an  oscillatoria,  granulate  ;  sheaths  somewhat  ample,  not  transparent, 
light  bright,  fuscous  or  ferruginous. 

Remarhs. — I  have  seen  dried  specimens  only  of  this  plant,  which  were  collected 
by  Prof.  H.  W,  Eavenel,  in  South  Carolina.  It  is  said  to  grow  on  old  boards, 
and  appears  to  be  a  very  distinct  species.  There  are  frequently  two  or  three 
very  short,  stubby  branches  arising  together.  The  apices  of  the  filaments  and 
branches  are  in  some  cases  filled  with  endochrome  to  the  end,  and  are  broadly 
rounded  at  the  apex.  In  other  cases  the  sheath  of  the  filament  extends  a  distance 
beyond  the  endochrome,  and  is  finally  rapidly  diminished  to  a  point.  The  cells 
within  the  filaments  are  of  various  shapes,  sometimes  globular,  sometimes  qiiad- 
Tangular,  more  often  irregular.  The  original  specimens  from  which  this  descrip- 
tion was  written  were  collected  in  April.  I  do  not  know  whether  they  grew 
immersed,  or  merely  oh  boards  exposed  to  the  weather.     I  have  since  received 
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specimens  collected  in  the  month  of  August,  which  grew  on  hoards  over  which 
spring  water  was  constantly  running.  These  specimens  agree  perfectly  with  the 
others,  except  that  the  filaments  are  larger  and  the  elongated  apical  cell  is  wanting; 
differences  which  I  believe  to  be  due  to  the  specimens  collected  in  August  being 
older  than  those  first  received. 

Fig.  2  a  and  2  b,  pi.  9,  were  taken  from  the  types,  whilst  fig.  2  c,  pi.  9,  from  the 
August  specimens. 

a.  Cellulie  plerumque  in  serie  duplici  vel  muUiplid. 

a.  Cells  generally  in  double  series,  or  multiple  series. 
S.  arg^illaceus,  Wood,  (sp.  nov.) 

S.  strato  tenui,  expanso,  subni^o,  aubmembranaeeo ;  tricbomatibu?  brevibus  dense  intricatis 
et  stepe  nonDihil  concretis,  ramosis,  iriegulanbus,  pseudoramnlis  breTibu's,  vane  curvatis, 
nonnihil  rigidia,  pleramque  aacendentibus,  apite  nonnihil  attonnatis,  cellulis  subglobosis, 
BEepe  compressis,  plerumque  in  serie  simphci  sed  interdnm  in  sene  dupliei,  i  el  rare  raultiplici ; 
cellulis  apicalibus  valde  elongatis,  cylmdricia,  scytoneniie  trichomatibns  mteraia  similibus; 
Taginis  crassis,  firmis,  in  trichomatibnB  matuns  saturate  rubido  bninneis,  m  lamulis  scepe  luteo- 
branneia  et  ia  apice  hyalinis  et  fere  coioiis  eipertibua,  cellulis  perdurantibus  nallia 

Ujam.— 5/55."  =  .000833". 

Hab. — Ifl  palude  argillacea,  Sonth  Carolina.     (Ravenel.) 

Stratum  thin,  expanded,  blackish,  suhmembranaceous;  filaments  short,  densely  intricate,  and 
frequently  somewhat  concreted,  giving  origin  to  numerous  branches,  irregular ;  branches  short, 
variously  curved,  somewhat  rigid,  mostly  ascending,  apex  somewhat  attenuate;  cells  sub- 
globose,  often  compressed,  mostly  in  simple  series,  sometimes  in  doable,  rarely  even  in  multi- 
ple ;  apical  cells  elongate,  cylindrical,  resembling  the  inner  filament  of  a  scytonema;  sheath 
thick,  firm,  in  the  mature  filament  deep  reddish-brown,  in  the  branches  yeDowish-brown,  at  the 
apices  of  the  branches  nearly  colorless  and  transparent ;  heterocysts  absent 

Remarhs. — I  am  indebted  to  Prof,  Ravenel  for  this  plant,  which  was  found  by 
him  on  a  moist  clay  bank  near  Aiken,  South  Carolina,  August,  1869.  It  forms  a 
thin,  somewhat  membranous,  dark  stratum,  the  filaments  of  which  are  so  closely 
united  that  it  is  almost  impossible  to  tease  them  apart  with  needles.  Neighboring 
filaments  are  often  united  at  the  edges  so  as  to  form  distinct  bundles,  and  even 
the  branches  are  sometimes  concreted,  although,  generally,  as  seen  under  the 
microscope,  they  project  from  the  mass  in  all  directions.  The  surface  of  the  fila- 
ments is  mostly  rough  and  ragged  with  fibrill^  and  membranous  projections.  In 
the  older  filaments  the  cells  are  often  entirely  absent.  They  are  mostly  single, 
but  sometimes  multiple  in  the  filaments;  in  the  branches  they  are  often  partially 
double.  The  ends  of  the  older  branches  are  often  broken  and  empty,  whilst  those 
of  the  younger  are  rounded.  The  color  of  the  cells,  as  I  have  seen  it,  does  not 
strikingly  differ  from  that  of  the  sheaths. 

Fig.  3  a,  pi.  9,  represents  a  portion  of  an  old  frond  magnified  460  diameters. 
and  fig.  3  5,  the  end  of  a  younger  branch.     No.  79.  Collection  of  Ravenel,  Aug. 
1869. 
S.  g^uttala,  Wood. 

S,  in  raaculis  subnigris,  parvis,  tenulbus,  plerumque  rotnndatis,  intcrdum  enormibns,  dispositus; 
trichomatibus  arete  intertextis;  ramossissimis,  rigidis,  intequalibus,  subcylindricis,  nonnihil 
10      May.  1873. 
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contortis;  ramulis  abbreviatis  vel  nonn  h  1  elongatis  apice  obtnse  rotupdatis;  ramulorum  et 
trichomatum  cellalis  tii  muhiseriatn  pkrumque  pachydermaticis,  fen-ugineo-fusc^is,  cnormiter 
globosis,  homogeneis  cellulis  apicalibus  mterlum  breve  cylindricis,  baud  articulatis;  vagmis 
sat  aniplis,  luteo-bruaneis  vel  dilute  ferrugineo  biuimeia 

Diam. — Max.  trich.  cum  vag.  7I5    =.001o  . 

Syn.S.  gutlula,  Wood,  Prodromus,  Proc.  Amer.  Philos.  Soc,  1869,  p.  132. 

Hob. — South  Carolina,  in  Taxodimn  dietichum.     (Prof.  Ravenel.) 

Arranged  in  small,  thin,  black  spots,  which  are  generally  round,  but  sometimes  irregular  :  fila- 
ments closely  interwoven,  very  much  branched,  rigid,  unequal,  subcyliiidrical,  somewhat  con- 
torted;  branches  abbreviate  or  somewhat  elongate,  apex  obtasely  rounded;  cclla  of  the 
trichoma  and  branches  3  to  many  seriate,  mostly  with  thick  coats,  ferruginous-fnscous,  irregu- 
larly globose,  homogeacons ;  apical  cells  Bomctimes  shortly  cylindrical,  not  articulate,  sheaths 
ample,  yellowish-brown. 

liemarks.— This  species  was  found  growing  on  the  bark  of  Taxodtum  distichum, 
by  Trof.  II.  W.  Kavcnel,  in  Sonth  Carolina,  and  by  him  given  to  Dr.  Billings, 
U.  S.  A.,  to  whom  I  am  indebted  for  specimens.  It  forms  on  the  burk  minute 
roundish,  blackish,  dot-Hke  spots  of  about  a  line  in  diameter,  or  sometimes,  appa- 
rently, by  the  coalescence  of  two  or  more  of  these  spots,  larger  irregular  patches. 
The  habit  of  the  plant  is  a  rigid  one.  The  main  stem  is  often  irregular  in  size, 
variously  bent  and  rebent,  and  mostly  gives  off  a  number  of  branches,  which  fre- 
quently nearly  equal  the  main  filament  in  size,  and  like  it  are  bent  in  various 
directions.  They  also  frequently  give  origin  to  numerous  short  branches.  In 
some  instances,  there  is  a  distinct  apical  cell,  which  is  cylindrical,  but  only  two  or 
three  times  longer  than  broad;  in  many  cases,  however,  this  cylinder  being  want- 
ing, the  ordinary  cells  extend  to  the  extreme  apex. 

Fig.  4  a,  pi.  8,  represents  a  filament,  and  fig.  4  6,  the  end  of  a  branch  magnified 
460  diameters. 

S.  acervatus,  Wood. 

S.  in  guttulis  minutissimia,  snbcmstaeels,  nigris,  in  strato  subcontinuo  stepe  aggregatis ;  tricho- 
matibus  parvis  et  brevibns,  rigidis,  admodum  inffiqualibus,  prostratis,  tubercolis,  arete  et  dense 
ramosaissimis,  viridibuB  aut  aureis  aut  brunneis  ;  ramulis  brevibus,  pleroraque  hand  ramulosia, 
erectis  ant  ascend entibns,  siepe  abbreviatis  et  papilliformibns,  obtusia,  sfepe  lateraliter  connaUs  ; 
cellularum  serie  in  trichomatibus  multiplici  in  ramnlis  plcrumque  simplici ;  ecllulis  subglobosis 
vel  suhangularibus,  viridibns,  band  distincte  granulosis,  in  ramulorum  apice  siepe  breve  cylin- 
drieis  et  interdum  obsolete  articulatis ;  vaginis  aureis,  nonnihil  hyalmis. 

Bmm. — Trich.  max.  T^gu"  ;  ram.  7/55" — 7/55". 

Syn. S.  acervatuB,  Wood,  Prodromus,  Proe.  Amer.  Philos.  Soc,  1869,  p.  132. 

Eab. — South  Carolina,  in  cortlce  (Ilex  opaca).     (Prof.  H.  W.  Ravenel.) 

Arranged  in  drops,  which  are  very  minute,  subcrustaeeouB,  black,  and  frequently  aggregate  into 
a  sobcontinuoua  stratum  ;  filaraenta  small  and  short,  prostrate,  rigid,  somewhat  unequal,  tubcr- 
cnlate,  densely  and  closely  branched,  green  or  golden  or  brown;  branches  short,  for  the  most 
part  not  branched,  erect  or  ascending,  frequently  abbreviate,  and  papilliform,  obtuse;  series  of 
cell  multiple  in  trichoma,  mostly  simple  in  the  branches;  cells  subglobose  or  subangular, 
green,  not  distinctly  granulate,  in  the  apices  of  the  branches  frequently  shortly  cylindrical  and 
sometimes  obsoletoly^ articulate ;  sheaths  golden,  somewhat  hyaline. 
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Remarks. — This  species  was  found  in  winter  by  Pvof.  H.  W.  Ravenel  in  South 
Carolina,  growing  upon  the  bark  of  Ilex  oj.aoa,  forming  minute,  firm,  crustaceous, 
roundish  dots  or  masses,  much  snmiler  than  a  mustai'd-seed,  but  in  some  cases  so 
closely  aggregated  as  almost  to  make  a  continuous  stratum.  AVhen  one  of  these 
dots  is  placed  under  the  microscope,  the  branches  are  seen  presenting  their  ends 
upon  all  sides,  reminding  one  of  some  varieties  of  coral,  and  between  these  are 
blackish  matters,  which  prevent  the  whole  dot  from  being  seen.  These  branches 
are  frequently, placed  very  close  to  one  another,  and  cohere  by  their  edges  so  as  to 
make  a  sort  of  membrane  or  a  solid  mass.  The  filaments  themselves  are  mostly 
obscured  in  the  dense  mass  of  branches  which  clothe  them.  This  species  seems 
to  be  closely  allied  to  iS.  coralloides,  and  I  am  not  certain  whether  it  is  distinct  or 
not.     It  is  certainly  very  much  smaller, 

IS.  pulTinatu<«,  Breb. 

S.  pulvinatus,  humectatas,  saturate  olivaceo-niger,  ad  tres  lineaa  erassus;  trichomatibus  crassis- 
simis,  ramossiasimis,  fuscescentibiis,  enoriuiter  curvatis;  raniuiis  polymorphis  pro  estate  cras- 
sitie  raagnitudini'que  variis,  apice  plerumque  obtuse  rotundatis ;  trichomatum  cellularum  serie 
multipliei,  ramulwum  2-4  pliei ;  voftinis  crassis,  lutoo-fuscis  ad  saturate-fuscis,  vol  pellucidia 
vel  non  pellucidia,  interdum  rugoao-lubert'ulis. 

Diam. — Trich   cum.  vag.  max   .0042". 

Syn. — S.  pulmnatiis,  (Breb  )  Eabekhokst,  Flora  Europ.  Algar.,  Sect.  II.  p.  290. 

Sab. — In  ruptbus  prope  Philadelphia.    Wood. 

In  moist,  deep  olive-black  cushion-like  masses  of  two  or  three  lines  thick ;  filaments  very  thick, 
much  branched,  brownish,  irregularly  curved;  branches  polymorphous,  varying  in  thickness 
and  size,  mostly  with  their  apices  obtuse ;  cells  of  the  filament  many  seriate,  of  the  branches 
two  to  four  seriate;  shcatha  thick,  ycUowish-fuscoue  to  deep  fuscous,  pellucid  or  opaqne, 
sometimes  rugose- tube  re  ulate. 

Remarlcs.—T  have  received  specimens  of  this  species  found  by  Mr.  Austin  in 
Northern  New  Jersey,  growing  on  the  exposed  face  of  rocks. 

The  size  attained  to  exceeds  that  given  by  Mr.  Eabenhorst  for  the  European 
form.  The  color  of  the  cyttoplasm  varies  from  an  almost  verdigris-green  to 
fuscous. 

Besides  these  specimens.  Dr.  I.  Gibbons  Hunt  has  given  me  fresh  ones  of  a 
Sirmiphoii  which  he  found  growing  on  the  face  of  dripping  rocks  along  the 
Wissahickon  Creek,  near  this  city.  These  are  much  smaller  in  every  way  than 
their  more  northern  brethren,  and  differ  in  other  respects,  I  think,  sufficiently  for 
a  distinct  variety.  The  filaments  and  branches  are  much  flatter  than  in  Mr, 
Austin's  specimens.     I  append  a  description, 

(Taf  parvus ) 
S  tnchoniatibus  in  coespite  saturate  olivaceo-nigro  arete  intertextis ;  trichomatibus  erassissimis, 

enormiter   ramosisumta    luteo  fu=!cescentil)us    varie    curyatis;   ramuHs   polymorphis,   apice 

plerumque  obtuse  rotnadatis     tiiehomatnm  cellnlarura  serie  multipliei,  ramulorum  1—4  pliei ; 

cytioplasmite  granulat  d  plerumque  saturate  fnscescente,  interdum  laite  viride ;  vaginis  crassis, 

dilute  luteo  fuscescentibu-.  interdum  aehrois 
i>!a!i — Tn  1    m  com   lao-  ma\  gj-   =  03 
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Filaments  closely  interwoTCE  into  a  deep  olive-black  turfy  mass,  very  thick,  irregularly  and  Tre- 
qnently  branched,  yellowish -fuscous,  variously  curved;  branches  polymorphous,  their  apices 
mostly  obtusely  rounded ;  series  of  cell  iu  filament  multifold,  in  branches  l-i  fold;  eytio- 
plasm  granulate,  mostly  deep  brown,  sometimes  bright  green  ;  sheatbs  thick,  light  yellowish- 
brown,  sometimes  transparent. 

Remarks. — The  fronds  are  very  irregular  in  form  and  size,  much  branched,  and 
so  closely  interwoven  that  they  mostly  cannot  be  separated  without  breaking. 
The  branches  are  sometimes  short  and  stumpy,  sometimes  they  arc  very  long. 
The  color  of  the  cells  approaches  somewhat  to  a  chocolate,  at  times  with  a  little 
red  in  it  so  as  to  give  something  of  a  mahogany  tint.  The  walls  of  the  cells  are 
mostly  very  thick,  but  they  are  often  lost  in  the  general  mass  of  the  frond.  In  the 
branches,  the  cells  are  often  so  closely  crowded  as  to  almost  obliterate  their  walls. 
In  a  few  specimens  I  have  found  the  cells  to  be  of  a  bright  green  color,  instead 
of  that  just  mentioned.  The  exact  meaning  of  this  I  do  not  know;  it  would 
scarcely  seem  to  indicate  immaturity,  for  I  have  found  it  in  the  oldest  portion  of 
large  fronds,  whose  other  parts  were  of  the  normal  color. 

Fig.  1,  pi.  10  represents  a  filament  of  this  variety  magnified  160  diameters. 

I  have  received  from  Prof  Eavenel  certain  dried  alg^,  labelled  St'igonema 
liavenelU,  Berkelet,  which  appear  to  me  to  belong  to  this  genus.  In  what  place 
Berkeley  described  them,  if  ever,  I  do  not  know,  nor  why  he  placed  them  in  the 
genus  St'igonema.     The  following  is  a  description  of  the  species  :  — 

S.  strato  sub-nigro;  trichomatibus  arete  intertextis,  ramossissimis,  enormibus,  varie  curvatts; 
ramulis  brevibus  et  sublongis,  varie  curvatia,  latis,  apiee  nonuihil  attenuatis  et  obtusis ;  tri- 
chomatum  et  ramulorum  eellulis  arctis,  enormibus,  in  serie  duo-multiplici  enormiter  dispositis ; 
cytio-plasmate  boraogeaeo,  Isete  viridc ;  vaginis  aureis,  lucidis. 

Diam. — Max.  trieh.  cum  vag.  ^\i^"■ 

When  dried  blackish ;  filaments  closely  interwoven,  very'much  branched,  irregular,  and  variously 
curved ;  branches  short  or  largish,  variously  curved,  broad,  their  apices  somewhat  attenuated 
and  obtuse;  cells  of  the  filament  and  its  branches  very  close,  irrcgalar,  irregularly  arranged 
in  a  twofold  or  multiple  series ;  endochrome  homogeneous,  bright'  green ;  sheath  yellow, 
semi  translucent. 

Bemarks. — This  plant  was  collected  by  Prof  Eavenel  on  the  now  famous  Look- 
out Mountain.  It  is  of  a  thick,  bushy  habit,  and  appears  to  form  turf-like  mats 
of  a  line  or  two  in  thickness  and  of  a  blackish  color.  The  filaments  throw  off  in 
all  directions  very  numerous  branches,  some  of  which  are  short  and  stumpy,  others 
quite  long,  and  are  themselves  the  parents  of  numerous  secondary  branches.  The 
longer  branches  often  rival  the  main  filament  in  size,  and  like  it  vary  continually, 
in  being  irregularly  expanded  and  contracted.  There  is  never  a  long,  articulated 
cell,  not  even  in  the  apices  of  the  branches.  The  apices  are  often  somewhat 
attenuated,  and  are  always  more  or  less  obtuse.  The  cells  are  of  a  bright  green 
color,  are  very  irregular  in  form,  and  are  often  very  irregularly  arranged  in  rows 
of  from  two  to  five,  boj-h  on  the  main  filament  and  branches.  The  base  of  the 
filament  often  gives  origin  to  several  small,  cylindrical,  root-like  processes. 
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Fig.  4  a,  pi.  9,  represents  a  frond  of  this  plant  magnified  125  diameters;  iig.  4  i, 
a  fragment  magnified  460  diameters. 


■  Bailey,  in  American  Journal  of  Sciences,  vol.  iii.,  new  series,  states 
that  he  has  found  two  species  of  the  genus  Stigonema,  namely,  5;!.  atrovirens,  Ag. 
and  ^.  mammillosum,  Ag.  ;  the  former  growing  on  wet  rocks  at  Indian  Falls, 
Putnam  County,  New  York ;  the  latter  at  Round  Pond,  near  West  Point.  I  have 
no  personal  knowledge  of  the  genus,  but,  according  to  authorities,  it  belongs  to 
the  lichens  rather  than  the  algae,  apothecia  having  been  detected  in  various 
species. 

Class  CHLOKOPHYLLACE^.^ 

Plantulm  aquatic£e  vel  aerefe,  uni-,  bi-,  vel  mul ti cellular cs,  aut  singula 
aut  consociataj,  familias  formantes. 

Vegetatio  tcrminalis  vel  non  terminalis. 

Ramificaiio  aut  nulla  aut  vera,  sed  cellularum  non  divisione,  potius 
prolificatione. 

Cytioderma  non  siliceum,  combustibile,  SEepius  e  stratis  succeasivis 
compositum,  substantiam  gelatinosam  plermnque  liquidam  exsudans. 

Cytioplasma  chlorophyllosum,  chlorophylli  loco  nonnunquam  erythrino 
vel  substantia  oleosa  coccinea,  carnea  aut  rufescente  coloratum,  nucleo 
(centrali  vel  lateral!)  plerumquo  prseditmn,  granulis  amylaceis  rarissime 
carens. 

Mvltiplmdio  fit  cellularum  divisione  vegetativa.  Foecundatio  pie- 
rum  que  sexualis. 

Propagatio  fit  aut  oosporis  vel  zygosporis  aut  gonidiis  tranquillis  vel 
agilibus. 

Aquatic  or  aerial  uni-,  bi-,  or  multicellular  plants  occurring  singly,  or 
consociated  in  families. 

Vegetation,  terminal  or  not  so. 

Brandies  either  wanting,  or  if  present,  true  branches,  although  formed 
rather  by  a  process  of  proliferation  than  division  of  the  cells. 

Cytioderm  not  siliceous,  combustible,  often  composed  of  successive 
strata. 

Cytioplasm  chlorophyllous,  sometimes  colored  by  an  oily  crimson,  flesh- 
colored  or  yellowish-red  substance,  in  the  place  of  the  chlorophyl,  gene- 
rally furnished  with  a  nucleus  (either  lateral  or  central),  very  rarely 
without  starch  granules.  Growth  occiu'ring  by  the  division  of  the  cells. 
Fecundation  generally  sexual. 

Propagation  taking  place  by  oospores  or  zygospores,  or  by  tranquil  or 
motile  gonidias. 

'  The  description  of  this  Class  and  Order  is  that  of  Fi-of  Rabciiborst, 
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Order  Coccophycese. 

Algffi  unicellulares.  Cellule  aut  siuguls  (plerumquo  perfecte  segregate)  aut  plurcs  in  familias 
consociatse,  tegumentis  involutfe  vel  nudte,  aut  ramifieatione  aut  vegetatioue  terminali  destitute. 
Propagatio  fit  aat  cellularum  divisione  aut  zoogonidiis. 

Unicellular  algffi.  Cells  cither  single  (mostly  entirelj  segregate),  or  mostly  consociated  in  fami- 
lies, wailed  or  clothed  with  teguments,  destitute  of  branches  or  terminal  vegetation.  Propagatioa 
by  means  of  zoospores,  or  by  the  division  of  the  cells. 

Family  PALMELLACE^. 

AlgK  unicellulares  sensu  latiori.  Cellulte  aut  singula  aut  numeroste,  familias  constituentes,  in 
muco  matricali  plus  minus  fimio,  stratum  gelatinosum  amorphum,  stepius  figuratum,  tubulosnm 
(Hormospora)  varie  divisum  et  perforatum  (Tetraspora),  quasi  ramificatum  (Hydrnrua)  formante 
nidulantes,  vel  nullo  (Rhaphidium,  D a etylo coccus).  Cytioderma  pterumque  tenue,  ssepius  tegumento 
gelatinoso  aut  homogeneo  aut  lamelloso  prteditum.  Cytioplasma  homogencum,  setate  provecta  plo- 
rnmque  distincto  granulosum,  viride,  aut  rubeaccns  aut  fuscesoens,  vesicnia  chlorophyll osa  semper 
instructum  (excepto  Ehaphidio). 

Mnltiplicatio  fit  cellularum  divisione  vegetativa,  propagatio  gonidiis  ex  ultima  cellularam  gene- 
ratione  transitoria  cytioplasmatia  divisione  varia  ortis.  Gonidia  tegumentis  libcrata,  polo  autico  ciliis 
Tulgo  binis  pleramque  instructa  et  alacriter  circumvagantia.    (K..) 

Algre  unicellular  in  a  broad  sense.  Cells  either  single  or  numerous,  constituting  families,  imbedded 
in  a  jelly  to  form  a  gelatinous  stratum  which  is  amorphous  or  shaped,  as  tubular  (Hormospora), 
variously  divided  and  perforate  (Tetraspora),  falsely  branched  (Ilydrurus),  or  sometimes  is  wanting 
(Rhaphidium,  Dactylo coccus).  Cytioderm  mostly  thin,  often  furnished  with  a  gelatinous  or  homo- 
geneous or  lamellate  tegument  Cytioplasm  homogeneous,  mostly  at  maturity  distinctly  granular, 
green-reddish  or  fuscous,  always  furnished   with  a   chlorophyllous  vesicle  (except    Rhaphidinm). 

Multiplication  taking  place  hy  a  vegetative  division  of  the  cells,  propagation  by  transitory  gonidia 
arising  by  various  divisions  of  the  protoplasm  from  the  last  vegetative  generation.  Gonidia  with- 
out integument,  mostly  furnished  with  two  cilia  at  the  anterior  end,  and  moving  about  actively. 

Genus  TLEUROCOCCUS,  Mengh.  (Kabenh.) 

Cellulfe  globosse  vel  e  matua  pressione  angulosss,  plerumquo  nncleo  instructs,  tum  singula)  turn 
in  familias  consociatie.  Cytioderma  firmum,  ssepe  crassum,  Iseve,  hyalinum ;  cytioplasma  homoge- 
ncum Tiride  vel  oleosum  rubrum.  Mnltiplicatio  cellularum  vegetativarum  divisione  in  directionem 
ad  omncs  dimensiones  alternantem.     Propagatio  fit  gonidiis  intra  sporangia  ortis. 

Cells  globose  or  angular  from  mutual  pressure,  mostly  furnished  with  a  nucleus,  sometimes  single, 
sometimes  aggregated  into  families.  Cytioderm  firm,  often  thick,  smooth,  hyaline ;  cytioplasm 
homogeneo  us- green  or  oleaginous-red.  Multiplication  occurring  by  a  vegetative  division  of  the 
cells  alternately  in  three  directions.     Propagation  by  means  of  gonidia,  formed  within  sporangia. 

P.  seriatus,  "Wood,  (sp.  nov.) 

P.  corticolua,  strata  pulvcrula,  rubido-brunnea,  nonnibil  Crustacea  formans ;  ccllulis  enormiter 
subglobosis,  vel  ovalibus,  liete  aurantiacia,  interdnm  viride  tinelis,  hand  distincto  nucleatis,  in 
seriebus  singulis  rectis  vol  curvatis  conjunctis ;  tegumentis  crassis,  haad  lamellosis,  coloria 
expertibus. 

Diam.—j^%Tj" — Tg^uij"  —  .00053"— .0012". 

Bab. — In  paludc.     Kew  Jersey.     (Austin.) 

Growing  on  bark,  forming  a  reddish-brown,  somewhat  crustaceous  powdery  mass;  cells  irregu- 
larly subglobose,  QT  oval,  bright  orange,  sometimes  tinged  with  green,  not  evidently  nucleated, 
conjoined  4n  single  straight  or  curved  series ;  tegument  thick,  lamellate,  or  not  so,  colorless. 
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—I  am  indebted  to  Mr.  Austin  for  specimens  of  this  little  plant,  which 
he  found  growing  in  a  swamp  near  Closter,  Northern  New  Jersey,  on  a  young 
pin  oak.  It  forms  a  sort  of  crustaceous  powder,  with  little  aggregations  here  and 
there,  of  a  dull  reddish-hrown  color.  When  these  little  masses  are  broken  up, 
they  are  found  to  be  composed  of  little  scries  of  very  closely  joined  cells,  generally 
a  half  dozen  to  a  dozen  in  the  row,  I  beUeve  that  at  certain  states  of  their  growth 
these  cells  are  green,  as  many  of  them  have  a  very  decided  green  tint  on  their 
edges,  and  I  have  seen  one  or  two  of  them  quite  green. 

Fig.  3,  pi.  10,  represents  this  species  magnified  460  diameters, 

P.  pulrerens.  Wood,  (sp.  dot.) 

P.  eellulia  minimis,  cairuleo-viridibus,  enorraiter  subglobosis,  vcl  angnlosis,  in  familias  nume- 
rosas  consociatis ;  farailiis  e  cellulis  iiumerossissimis  et  dense  confertis  eompositis,  irregu- 
laribus,  interdum  confluentibus,  plerumque  pscudoteguraentis  Lyaliois  involntis,  in  strato 
palvereo  Itete  vividi  aggregatis. 

Diam.—^^jf^" — ^ixin"  =  •000O4"-..O00I3". 

Hah. — 111  fonte.     "Boiling  Springs,"  prope  Belkfonte,  Pennsjlvatiia. 

Cella  very  small,  blnish-green,  irregularly  snbglobose,  oval,  or  angular,  associated  in  numerous 
families ;  families  composed  of  very  nomcrous  and  densely  crowded  cells,  irregular,  sometimes 
confluent,  mostly  surrounded  by  a  false  hyaline  tegument,  aggregated  into  a  bright  green 
pulverulent  stratum. 

Bewarhs. — In  Centre  County,  Pennsylvania,  two  miles  from  Bellefonte,  there  is 
a  very  large  and  beautiful  limestone  spring,  which  is  a  favorite  roadside  watering 
place,  and  is  laid  down  on  the  maps  as  "  Boiling  Springs."  Forming  a  stratum 
over  most  of  the  bottom  of  this  spring  is  the  little  plant  here  described.  The 
stratum  is  in  places  nearly  an  inch  in  thickness,  and  when  lifted  by  the  hand  is 
found  to  be  dry  and  crumbly,  instead  of  mucous  and  tenacious.  Under  the  micro- 
scope it  is  seen  to  be  composed  of  vast  numbers  of  irregular  masses  or  families  of 
cells  imbedded  in  a  firm  jelly,  which  projects  so  as  to  form  a  sort  of  transparent 
coat  to  the  whole  mass ;  this  cast  I  have  spoken  of  in  the  description  as  a  false 
tegument.  The  cells  themselves  are  exceedingly  small  and  furnished  with  an 
excentric  point,  which  is  probably  a  nucleus. 

Genus  PALMELLA. 

Cellulie  globossB  vel  ovales  vel  oblongse,  tegumentis  plus  minns  crassis  in  mncnm  gelatinosam, 
Siepius  mox  conSuentibus  invoiutte,  thallum  difforme  efBcientes.     Cellularum  divisio  directione  in 


Cells  globose,  oval,  or  oblong,  Burronnded  with  a  more  or  less  thick  integument  generally  very 
soon  confluent  into  a  firm  or  soft  jelly.  Thallus  shapeless.  Division  of  the  cells  alternately  in  all 
directions. 

P.  Jesenii,  Wooit. 

P.  thallo  indefinite  expanse,  initio  dilflte  tint  Itete  viride,  molle,  pellucidulo;  tetate  provecta 
flrmo,  tubercnloso,  saturate  olivaceo-viride;  cellulis  globosis  vel  ellipticis, — in  thalli  a:tate 
iramatnro,  plerumque  singulis  ant  geminis,  siepe  distantibus, — in  fetate  provecta  stepe  in  fami- 
lias connexis,  plemmque  confertis ;  ^..tegumentis  in  thalli  tetate  immaturo  plerumque  diffluenti- 
bus,  setate  provecta  plerumque  distinclis. 
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Diam.~Ce\l.  glob,  max,  35^1"  =  -00028" ;  cell,  oblong,  long.  max.  35^5"  =  .OOO*"- 

Syn. — F.  Jesenii,  Wood,  Prodromns,  Proc.  Am.  Philos.  Soc,  1809,  p.  134, 

Hub. — In  rupibus  Jrroratis,  prope  Pbiladelphia. 

ThaiJQS  indefinitely  expanded,  in  the  beginning  soft  and  pellaeid,  afterwards  firm,  tubercular, 
deep  olive-gi'een  ;  cells  globose  or  elliptical ;  in  the  immatnre  thallus,  single  or  gemioate,  fre- 
quently scattered ;  in  the  mature  thallus  often  closely  conjoined  into  families,  mostly  crowded  ; 
ill  the  young  thallus  the  teguments  of  the  cells  are  mostly  difflnent,  afterwards  distinct 

Remarks. — This  little  plant  was  found  along  the  banks  of  the  Schuylkill  Kiver, 
just  above  Flat  Rock  tunnel,  near  Manayunk,  forming  in  the  early  winter  a  gela- 
tinous mass  of  two  to  three  lines  in  thickness,  irregularly  and.  interruptedly  spread 
oyer  the  face  of  wet,  dripping  rocks.  In  what  appeared  to  be  the  younger  por- 
tions, the  jelly  was  often  quite  soft  and  almost  colorless,  and  had  the  cells  scat- 
tered rather  sparsely  and  distantly  through  it.  The  cells  were  but  partially  filled 
with  chlorophyl,  the  vacuole  left  containing  often  numerous  granules,  and  had 
distinct  walls,  being,  as  it  were,  merely  immersed  in  the  general  maternal  jelly. 
In  the  older  fronds  the  texture  is  more  firm,  the  color  a  deep  greeu,  and  the  bright 
green  cells  are  mostly  surrounded  by  a  thick,  very  distinct  tegument.  They  are 
also  largely  arranged  in  little  families  of  two,  four,  or  even  eight  cells,  suiTounded 
by  a  common  integument.  The  oldest  fronds  are  of  a  deep  olive,  almost  blackish 
color,  markedly  tuberculate  upon  their  upper  surface  and  very  firm  in  texture. 
They  are  surrounded  by  verj'  distinct,  firm,  dark  brown  coats  (a  simple  coat  often 
involving  two  or  more  cells),  and  arranged  in  groups  or  families.  As  shown  by 
the  microscope  in  the  superficial  portion  of  such  fronds,  the  jelly  is  of  a  yellowish- 
fuscous  color,  and  the  cells  are  themselves  of  a  dark  brown  tint.  The  number  of 
cells  in  the  individual  families  varies  from  two  to  a  dozen  or  more.  Even  in  these 
old,  firm  fronds,  the  interior  portions  are  frequently  composed  of  greenish  cells, 
withojit  any  distinct  teguments  or  coat.  In  such  cases  the  cells  are  mostly  oblong 
or  elliptical,  and  very  much  crowded  together.  This  species  appears  to  come 
closest  to  P.  BrSbissonii,  Kiz.,  from  which  it  difi'ers,  however,  in  its  habit  of 
growth  and  the  size  of  its  cells. 

Fig.  3  a,  pi.  10,  represents  a  fragment  of  the  upper  surface  of  an  old  frond 
magnified  750  diameters;  fig.  3&,  when  taken  from  the  inner  jelly  of  similar 
fronds, 

P.  dura,  Wood,  {sp.  nov.) 

P.  thallo  enormiter  subgloboso,  enormiter  minute  lobato  vel  verrucoso,  cieraleo-nigro,  nonnihil 

crustaceo,  minuto ;  celluUs  arctissime  confertis,  plerumqne  enormiter  oblongis,  stepe  in  serie- 
bus  irregnlare  dispositis,  cseruleo-viridibus  vel  luteo-brunneis ;  tegumentis  baud  distinctia ; 
sporis  globosia  vel  ovalibus. 

Diam.—Ce\\.  -niJtrs"=-00008"—ga\/'=:  .00016"  ;  spor.  -i-jj^u''^. 00058"— 7/511"  =  . 0008" 

Eab.~-ln  fonte  prope  Philadelphia. 

Thallus  irregalarly  eubglobose,  irregularly  m'mntely  lobate  or  warty,  bluish-black,  somewhat 
crustaceous,  minute ;  cells  densely  crowded,  mostly  irregularly  oblong,  often  arranged  irre- 
gularly in  series,  bluish-green  or  yellowish-brown;  coats  not  apparent;  spores  globose  or 
oval. 
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RemarTcs. — I  found  this  plant  growing  in  the  large  spring  at  Spring  Mills  in 
March  or  April.  The  fronds  were  in  the  form  of  little  blackish  balls  attached  to 
the  stems  of  mosses  in  the  water.  They  varied  in  size  from  the  minutest  speck, 
scarcely  visible  to  the  naked  eye,  up  to  ten  lines  in  diameter ;  they  are  globose, 
very  firm  and  hard,  and  the  larger  look  almost  as  if  they  were  aggregations  of 
smaller  ones.  They  are  gregarious.  The  spores  are  mostly  borne  on  the  edges 
of  the  frond,  sometimes  they  appear  to  be  imbedded  in  its  substance.  At  first 
they  are  of  an  intense  bluish-green,  but  afterwards  they  appear  to  be  yellowish- 
brown.     None  of  the  cells,  as  I  have  seen  them,  have  their  contents  granulate. 

Fig,  5  a,  pi.  10,  represents  a  section  of  a  frond  magnified  460  diameters;  fig. 
5  &,  a  section  of  the  edge  of  an  old  frond,  developing  spores. 

P.  hf  alina,  LrtfOB. 

"  Fronds  from  a  quarter  of  an  inch  to  an  inch  in  diameter,  somewhat  globose,  but  at  length  fre- 
quently more  or  less  elongated  into  an  ovate  or  even  cyiindrical  form.  Substance  gelatinous 
and  very  tender,  of  a  pellucid,  watery  appearance.  Granules  numerous,  globose,  green. 
The  fronds  are  produced  at  first  on  rocks  and  stones  at  the  bottom  of  streams,  and  afterwards 
become  disengaged  and  float  on  the  surface." 

Remarks. — Professor  Bailey  states  that  he  has  found  this  species  from  Rhode 
Island  to  Wisconsin.  Whether  it  is  identical  with  the  P.  hyalina  of  Brebisson,  or 
not,  I  cannot  say. 

Genus  PAGEItOGALA,i  Wood. 

Thallns  solidns,  gelatinosus,  indeflnitus,  exalbidus,  nonniliil  pellucidulus,  nodulis  dense  aggregatis 
et  siepe  confluentibus  formatus.  Cellulte  globosse,  confertie,  in  famJiias  coDSOciafee.  Familiffi  tegu- 
mentis  tenuibua  et  membranaceis  involutfe,  in  nodulorum  centro  positie. 

Thallus  solid,  indefinite,  gelatinona,  whitish,  somewhat  pellucid,  composed  of  closely  aggregated 
nodules  which  are  often  indistinct.  Cells  globose,  crowded  in  families.  Families  surrounded  by  a 
thin  membranaceous  coat  and  placed  in  the  centra  of  the  gelatinous  nodule. 

Remarks. — This  curious  plant  was  found  by  myself  floating  as  indefinite  masses 
of  milk-white  jelly  on  a  mountain  spring  near  Bear  Meadow,  Centre  County,  Penn- 
sylvania. The  largest  of  these  gelatinous  masses  was  six  inches  long.  On  taking 
them  out  of  the  water  they  were  seen  to  be  composed  of  somewhat  irregular 
nodules,  which  in  some  portions  of  the  mass  were  very  distinct  one  from  the  other, 
hut  in  other  parts  were  confluent  into  an  almost  uniform  jelly.  WTien  the  nodules 
were  separated  it  was  discovered  that  each  contained  a  membranous  very  delicate 
sack  of  a  pale  green  color,  which  the-  microscope  showed  to  be  really  a  cell  family. 
Their  interior  was  hollow,  or  at  least  only  partially  filled  with  a  transparent  fluid, 
and  they  contained  all  round  their  exterior  portion  a  layer  of  round,  closely  placed 
cells.  In  some  instances  the  outer  membrane  was  ruptured,  and  the  sac  only  con- 
tained a  few  cells,  which  could  often  be  seen  to  be  moving  freely  in  the  inner 
liquid.  The  sac  membrane  is  thin  and  delicate,  colorless,  and  marked  with  curious, 
regular  wrinkles  or  folds.  In  those  portions  of  the  common  gelatinous  mass,  where 
the  nodules  were  lost,  I  could  not  find  any  of  these  sacs. 

'  Iliiyfpoi,  frozen;  yaJm,  milk. 
11       Mar,  1873. 
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No  opportunity  was  afforded  to  study  the  development  of  this  plant;  but  there 
can  be  but  little  doubt  that  the  globular,  thickisli-walled  cells  are  finally  dis- 
charged by  a  rupture  of  the  membrane  and  escape  from  the  softening  jelly  into  the 
water,  each  to  be  a  possible  starting  point  for  a  new  frond. 

I  have  given  this  curious  plant  the  name  of  Pagerogala,  from  its  milky  white- 
ness. Floating  in  the  water  it  offered  so  close  a  resemblance  to  the  spawn  of  frogs, 
though  more  opaque,  that  my  companion,  a  most  excellent  naturalist,  insisted, 
until  its  true  nature  was  absolutely  demonstrated,  that  I  was  simply  wasting  my 
time  collecting  the  spawn  of  an  amphibian. 


'.  stellio,  (sp.  Dov.) 

Diam. — Frond  i  iiieb  ; 


=  STiirff  — 31355  ■ 


Genus  TETRASPORA,  Link. 

ThaJlna  gelatinosas,  membranaceus  vel  submembranacens,  initio  Baccato-claasus,  tetate  proyectiori 
Tel  postea  explanatus.  Cellulie  globosse  (vel  anguloso-rotundatte)  plus  minus  distantcs  Bed  in  familias 
magnas  uaistratas  consociatte  ;  tegumentia  crasais  in  mucum  homogeneum  cito  diffluentibus.  Ccl- 
lularum  diviaio  in  planltiei  duas  directionea  alternana. 

Propagatio  fit  gonidiis  mobilibua. 

Tballus  gelatinous,  membranous  or  eubmembranons,  in  the  beginning  a  sbort  sack,  afterward 
expanded.  Cells  globose,  or  angularly  bo,  more  or  less  distant  but  consociated  in  a  single  stratum 
into  large  families.  Tegument  thick,  very  rapidly  diffluent  into  a  homogeneous  mucas.  Division 
occurring  in  two  directions  in  the  one  plane. 

Propagation  by  means  of  zoospores. 

X.  lubrica  ?  (Roth)  Ag. 

T.tballogelatinoso-niembraQaceo,  lubrico,  dilutissimeviride,  tubuloao  sed  aaape  postea  ex  pi  an  ato, 
simplice  vel  ramoso,  undulato-sinuoso,  sffipe  iacunis  munerosis  perforato ;  cellulis  globosia 
vel  ellipticis,  laste  yiridibus,  interdum  singulis  sed  plerumque  quaternia  rel  geminia,  locello 
achroo  hyalino  parietali  sfepe  preeditis ;  cytiodermate  teuuissimo,  baud  distiucie  visibile. 

Diam.— Cell  ^^1^^,"—^^^^/'  =  0.001)25"— 0.0005". 

Syn. —  T  perforata,  Harvey.     Bailey,  Silliman's  Journal,  W.  S.  vol.  iii, 

T.  lubrica,  (Roth)  Ao.     Rabenhobst,  Flora  Enrop.  Algarum,  Sect  III.  p.  41. 

Sab  — Northern  Atlantic  States 

Thallus  gplatinoBO-membranaceoua  slippery  very  dilute  green,  tubular,  but  often  finally  ex- 
panded simple  or  branched  undulatelj  sinuate,  often  perforated  with  numerous  holes ;  cells 
globoae  or  elliptical  brigl  t  greea  s  metimea  single  but  mostly  in  pairs  or  fours,  furniahed 
with  a  parietal  transparent  hyalme  space ,  cytioderm  very  thin,  not  distinctly  visible. 

Remarlcs. — This  little  plant  is  very  common  around  this  city,  growing  usually 
in  limpid,  quiet  water,  such  as  springs,  little  rushy  pools,  and  clean  ditches.  The 
frond  is  a  translucent,  light  green  or  scarcely  greenish,  very  slippery  jelly,  with 
the  edges  often  very  markedly  undulate.  It  is  very  rarely  simple,  but  on  the  con- 
trary is  often  very  much  and  very  irregularly  branched,  frequently  indeed  consist- 
ing of  several  broad  portions  united  by  narrow  necks.  It  is  an  irregular  sack, 
generally  profusely  perforate,  and  often  with  large  imperfect  portions.  I  think  it 
finally  in  many  instances  becomes  expanded  and  open.  It  is  sometimes  found 
lying  on  the  bottom,  but  more  frequently  floats  on  the  surface  of  the  water.  The 
breadth  of  the  frond  varies  from  two  or  three  lines  to  an  inch.  The  length  often 
reaches  several  inchc's.     The  cells  are  mostly  globular ;   but,  immediately  after 
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division,  they  are  elliptical.  They  are  of  a  bright  green  color  and  almost  always 
have  a  conspicuous  rounded  granule  within  them;  sometimes,  but  not  commonly,  at 
one  end  there  is  a  hyaline  space  or  vesicle,  similar  to  that  seen  in  zoospores.  I 
have  watched  the  production  of  zoospores  in  a  plant  gathered  late  in  November. 
The  outer  wall  of  the  cell  is  always  so  thin  as  to  be  scarcely  perceptible,  and  when 
the  zoospore  is  beginning  to  move,  it  looks  as  though  the  whole  cell  were  rocking, 
the  thin  outer  coating  being  lost  to  sight.  After  a  considerable  period  of  vain 
cfl'ort  the  zoospore  escapes  from  the  thick  gelatinous  mass  which  surrounds  it.  It 
is  biciliated,  roundish,  and  furnished  with  a  hyaline  space  at  the  end. 

I  have  observed  a  Tetraspora  growing  in  rapidly  running  water,  which  some 
would  no  doubt  consider  distinct,  but  which  seems  to  me  rather  a  variety.  The 
saccate  frond  was  of  a  very  vivid  green,  erect,  buoyed  up  by  an  air-bubble  con- 
tained in  its  upper  end.  Its  shape  was  that  of  a  long  sack  widened  very  much 
above,  and  below  constricted  into  a  fine  point,  by  which  it  was  firmly  attached. 
In  some  instances  it  attained  a  length  of  seven  or  eight  inches.  In  aU  other 
respects  these  plants  agreed  with  the  others  found  in  quiet  water. 

The  species  of  this  genus  are  to  me  not  at  all  well-defined  in  any  work  which  I 
have  had  access  to.  The  plant  now  under  consideration  abounds  everywhere  in 
this  neighborhood,  and  is  without  doubt  the  one  identified  by  Prof.  Bailey  as  T. 
gelatirima  (Vauch),  of  which,  however,  he  afterwards  states  that  Prof.  Harvey,  to 
whom  he  had  sent  specimens,  writes  that  it  is  a  distinct  species,  and  proposes  to 
call  it  perforata.  In  my  Prodromus  I  referred  the  plant  to  T.  Ivbrica  (Roth). 
My  reasons  for  doing  this  were  that  the  size  of  the  cells  corresponds  very  closely 
with  the  measurements  of  that  species  as  given  by  Prof.  Rabenhorst,  and  the 
absence  of  anything  that  seemed  to  me  definite  in  the  descriptions  of  the  two 
species.  Moreover,  if  the  possession  of  a  parietal  hyaline  spot  be  not  simply  an 
accident  of  growth,  it  would  indicate  that  the  plant  belongs  to  P.  luhrica.  I  do 
not  think,  however,  that  any  importance  is  to  be  attached  to  this,  as  the  vacuole 
is  often  absent,  and,  although  Prof.  Rabenhorst  makes  no  mention  of  it,  is,  in  all 
probability,  present  in  certain  states  or  stages  of  T.  geJaiinosa.  My  own  convic- 
tion is,  at  present,  that  T.  gelaiinosa  and  T.  hihrica  are  very  probably  synonyms. 
If  they  be  distinct,  the  plant  from  which  the  above  description  was  taken  is  refer- 
rible  to  T.  perforata  (Harvey),  which,  if  not  new,  is  a  form  of  T.  luhrica  rather 
than  T.  gelaiinosa.  If  T.  lubrica  and  T,  gelatinosa  be  united,  no  grounds  are  left 
.for  sustaining  the  separateness  of  T.  perforata. 

Whilst  botanizing  in  a  .primeval  glade  and  forest,  known  as  Bear  Meadows,  in 
this  State,  I  came  across  a  spring,  covered  with  a  Tetraspora,  which  appears  to 
represent  the  T.  gelaiinosa  type.  It  formed  great  masses  half  an  inch  in  thickness, 
at  first  attached,  afterwards  floating  and  covering  the  surface  of  the  pool  for  several 
feet  each  way.  When  young  these  masses  were  elongated  and  were  formed  of 
numerous  lobes  attached  often  by  very  slender  pedicles,  and  having  their  margins 
thickened  and  undulated  so  as  to  give  a  beautiful  waved  appearance  to  the  light 
green  mass.  Under  the  microscope  the  structure  was  similar  to  that  of  the  otlier 
form,  except  that  the  cells  varie(^  more  and  attained  a  greater  size.  Their  diame- 
ters ranged  from  jyVu"  =  0.00037"  to  ^^^5^"  =  000066". 
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I  have  also  received  from  Prof.  Ravenel  specimens  of  a  Tetraspora,  which  may 
be  the  young  of  a  variety  of  this  species,  but  which  is  very  possibly  distinct.  If 
the  specimens  are  adult,  it  certainly  is.  They  consist  of  numerous  little  fronds  not 
more  than  a  third  of  an  inch  in  length,  often  composed  of  several  subcylindrical 
arms,  as  it  were,  radiating  from  a  central  portion,  and  attaining  a  length  of  a  third 
of  an  inch  or  so.  These  fronds  are  irregularly  perforate,  and  are  composed  of 
cells  agreeing  perfectly  in  form,  size,  and  arrangement  with  the  more  ordinary 
forms  of  T.  lubrlca. 

T.  bullosa,  (Roth)  Aq. 

T.  thallo  membranaceo-saccato,  obovato,  sinuoso-bulloso,  nnciam  usque  palmam  longo,  postea 
explanato,  dilacerato,  saturate  viridi,  plus  minus  verrucoso;  cellulis  subspherieis  (postdivi- 
sionem  factam  hemisphcericis  vel  angulosis)  gcminia  vcl  quateniis,  confertis,  granulosis. 
(B.)     Species  mihi  ignola. 

/)iam.— Cell,  ante  divis.  0,00032"— 0.00049"  ;  post  divis.  0,00022"— 0.00029".  (R.) 

Syn. —  T.  bullosa,  (Roth)  Ag.     Rabenhorst,  Flora  Europ.  Algarura,  Sect.  III.  p.  39. 

Sab. — "Salem,  North  Carolina.  Schweinitz,  Newburgh,  New  York."  Bailey,  Silliman's 
Journal,  New  Series,  vol.  iii. 

Thallns  membranaceous  saccate,  obovate,  sinuosely-bullose,  from  one  to  six  inches  in  length, 
afterwards  expanded,  torn,  deep  green,  more  or  less  vcrrucose  ;  cells  subspherical  (after  divi- 
sion hemispherical  or  angular)  in  twos  or  fours,  crowded,  granular. 

Genus  DICTYOSPH^RIUM,  N^. 

Thallns  gelatinosus  plus  minus  liquidus,  libere  natans,  ssepe  quasi  nullus.  Cellulte  vesicula  chlo- 
rophyllosa  unica  et  locello  achroo  parietali  prseditfe,  tegumentis  crassis  in  gelatinam  homogeneam 
coufluentibus  involutte,  fills  propriis  subtilibus  dichotome  divisia,  e  familiarum  centro  ad  peripheriam 
radiantibus  connexse.     Cellulamm  divisio  ad  omnes  directiones. 

Propagatio  fit  gonidiis  mobilibns 

Thallus  gelatinous,  more  or  less  liquid,  swimming  free,  often  almost  wanting.  Cells  famished 
with  a  single  chlorophjilous  vesicle  and  a  lateral  transparent  spot,  surrounded  with  thick  coats, 
which  are  confluent  into  a  homogeneous  jelly  and  united  by  very  fine  filaments,  which  are  dichoto- 
moualy  divided  and  radiate  from  the  centre  to  the  peripheral  families.  Division  of  the  cells  occur- 
ring in  all  directions. 

Propagation  by  motile  gonidia, 

D.  pulchellum,  Wood,  (sp.  nov.) 

D.  thailo  subgloboso  vel  subovale,  interdnm  subnnllo,  intcrdum  indistincte  lobato;  cellulia 

globosis  plerumquo  sparsia  sed  interdnm  nonnihil  coufertis. 
Diam. — Cell,  i^nnff"  =  0.00025";    thalle  pierumque  3 J,"  ™  0.0033"  ;  interdum  yjj"  =  0.0054." 
Mab. — In  stagnis  prope  Philadelphia. 

Thallus  subglobose  or  eubovai,  sometimes  indistinctly  lobate,  sometimes  almost  wanting;  cells 
globose,  mostly  scattered,  but  sometimes  rather  crowded. 

Bernards. — I  found  this  little  plant,  one  August  day,  floating,  in  company  with 
Closterium  acerosum,  in  a  brick-pond  below  the  city.  The  little  fronds  are  mostly 
roundish,  or  longer  than  broad,  with  a  distinct  outline,  sometimes,  however,  the  con- 
stituent jelly  seems  to^fade  into  the  surrounding  water.     There  is  never  a  distinct 
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outer  coat.  The  lateral  transparent  spot  in  the  cells  is  mostly  very  evident,  some- 
times it  is  wanting,  however.  Occasionally  there  is  a  very  distinct  blackish  "  eye 
spot."  The  threads  which  join  the  cells  are  very  delicate,  and  I  have  never  been 
able  to  absolutely  demonstrate  their  meeting  in  the  centre  of  the  frond,  although 
I  beUeve  they  do  so.  In  mounted  specimens,  even  when  preserved  in  carbolic 
acid  water,  they  disappear  after  a  time.  I  have  never  seen  zoospores  or  any  other 
reproductive  bodies. 

Genus  EHAPHIDIUM,  Ktz. 

Cellulte  fusiformes  vel  cylindraceie,  utrinque  (plcramque)  seoBim  sensimque  euspidatse  vel  acumi- 
nate, rariua  obtusatas,  rectse  vel  Tarie  curvatie,  singulfe,  geminte  vel  fasciculatim  aggregatse,  medio 
decussatim  vel  radiatim  conjunctte,  rarius  binte  sub  polia  lateraliter  coiinexse,  cctcrum  liberse. 
Cytioderma  tenue,  lasve.  Cytioplasma  viride,  subtiliter  granulosum,  locello  pallidiori  vel  acbroo, 
ceutrali,  rarius  lateral!,  pneditum.     Cellularum  divisio  ad  unam  directionem.  (R.) 

Cells  fusiform  or  cylindrical,  generally  very  gradually  cuspidate  or  acuminate  at  the  ends,  rarely 
obtuse,  straight  or  variously  curved,  single,  geminate,  or  fasciculately  aggregate,  decussate  in  the 
centre  or  radiately  conjoined,  rarely  two  laterally  united  at  the  end,  other  cells  free.  Cytioderm 
thin,  smooth.  Cytioplasm  green,  very  finely  granular,  furaished  with  a  central  or  rarely  lateral 
transparent  vacuole.     Division  of  the  cells  occurring  only  in  one  direction. 

B.  pol^^morphum,  Freseh. 

R.  cellulia  rectis  vel  varie  curvatis,  singulis,  vel  2-4-8-16  fasciculatim  coUocatis,  gracilibns, 

Sfepe  gracillimis,  nonnunquara  medio  paullum  tnrgidis,  subventricosia,  nonnunquam  paullum 

constrictis,  apices  vcrsis,  sensim  atteuuatis,  acutissimis. 
7)jam.— TsW  =-00013". 

Syn. — a.  polymorphum,  FaESEN.,  Rabbnhorst,  Flora  Europ,  Algamra,  Sect.  III.  p.  44. 
Eab. — Prope  Philadelphia,  Wood. 
Cells  straight  or  variously  curved,  single  or  2-4-8-16  fasciculately  joined  together,  slender, 

often  exceedingly  so;  sometimes  slightly  turgid  in  the    centre,  suljventricose,   sometimes 

slightly  constricted  ;  the  apices  gradually  attenuate,  very  acute. 

Far.  fklcatum. 

Cellulis  fusiformibns,  gracillibus,  utroque  fine  acutissime  cuspidatis,  curvatis  vel  semilunaribus, 
4-16  fasciculatim  congrcgatis. 

Syn. Antistrodesmvs  falcatus.  (Corda.)     Raeenhorst,  Flora  Europ.  Algarum,  Sect.  Ill, 

p.  45. 

Hab. — South  Carolina,  Georgia,  Florida,  Rhode  Island.     (Bailey,) 

Cells  fusiform,  slender,  at  each  end  very  acutely  cuspidate,  curved  or  semilunar,  4-16  fascicu- 
lately congregate 

Remarh. — Fig.  3,  pi.  7,  represents  diiferent  forms  of  R.  polymorphum. 

FAiiiLY  PROTOCOOCACE^. 

Algfe  unicetlulaTes  sensu  strictissimo,  chlorophyllosffl,  et  vegetatione  terminali  et  ramifieatione 
vera  carentes,  sine  cellularum  generatione  vegetativa.  Vivunt  ant  singulse,  segregatte  aut  in  farai- 
lias  consociatie.  Harum  familiarum  cellulae  numero  aut  indefinitfe  semper  se  augeotes  (tura  seriau 
vero  familite  nomen  ferunt),  aut  definitse,'so  non  augentes  (qnse  ccenobium  dicuntur). 


Hosted  by 


Google 


86  PRESH-WATER   ALGJi:    OF   THE   UNITED   STATES. 

Propagatio  fit  goaidiis,  quse  iatra  cellulam  matncalem  cytiogenesi  libera  oriuntur  et  dnpHcis  indolia 
ETiat;  altera  majova,  qufe  macrogonidia,  altera  minora  qute  microgouidia  dlcuntur  ;  ilia  oMonga,  polo 
antico  plerumqae  rostelliformi-producta,  pallidiora,  ciliis  Tibi'atoriis  pnedita,  polo  postieo  truncato- 
rotuodata,  obscuve  Tii-idia,  individuum  propagant ;  hfec  forma  similii,  itidein  mobilia,  breyi  postea 
in  statuni  quiescentem  transeaEt,  druique  in  sporas  perdurantes  (Uypnosporas,  Braun)  transniu- 
tantur.   (R.) 

TTniceUular  algse,  in  tho  strictest  sense  of  the  word,  chlorophy lions,  without  terminal  growth  or 
true  branching,  without  a  vegetative  generation  of  cells.  They  live  either  single,  segregate,  or  con- 
soeiated  into  families.  The  cells  of  these  families,  either  indefinitely  increasiBg  in  number  (then 
families  in  the  true  sense  of  the  term),  or  of  definite  number  (then  forming  a  ccenobium). 

Propagatioa  by  means  of  gonidia  arising  within  the  mother-cell  by  free  cell-formation  ;  gonidia  of 
two  kinds;  the  one  larger,  macrogonidia — the  other  smaller,  microgouidia;  tho  former  oblong, 
mostly  produced  into  a  pale  bicilate  beak  anteriorly,  rounded  and  greenish  at  their  hinder  end, 
developing  into  the  individual  plant;  the  microgonidia  similar  to  these  and  also  motile,  but  passing 
after  a  short  time  into  a  quiescent  state,  and  at  last  into  resting  spores  or  hypnospores. 

Genus  PEOTOCOCCUS,  Ag.  1824. 

CelluljE  sphseroidese,  segregatse,  cytiodermate  tenui,  liyaljno,  absque  tegumentis,  libere  iiatantea 
vel  extra  aquam  in  stratum  tenue  pulvcrcum  cumulatm.  Cjtioplasma  initio  homogeneum,  denique 
grauulosum,  viride  vel  rubellum. 

Spheroidal  cells,  segregate,  eytioderm  thin,  hyaline,  without  integnment,  swimming  free  or  col- 
lected out  of  water  into  a  thin  pulverulent  stratum.  Cytioplasm  in  the  beginning  homogeneous, 
finally  granular,  green,  or  reddish, 

Bemarks. — I  have  introduced  this  genus  as  given  by  Professor  Rabenhoret  in 
his  Flora  Europfea  Algarum  for  the  pmpose  of  describing  a  little  plant,  upon  which 
I  have  made  some  observations.  As  the  notes  were  originally  drawn  up  as  a  de- 
scription of  a  species,  I  leave  them  in  that  form.  I  believe  it  has  never  before 
been  described. 

Protococcus,  {sp.  nov.  ?) 

P.  aquaticus  ;  cellnlis  globosis  vel  angulis,  viridibus  in  stratum  pulvereum  cuniulatis  vel  in  fami- 
lias  arete  conjunctis;  cytiodermate  plerumque distincto ;  sporis  rotuiidatis,  tegumentis  duobua 
vel  tribus  protectis ;  tegumentis  estornis,  crasaibus ;  zoogonidiis  ovalibus,  vel  subrotnndatis, 
vel  subellipticis,  ciliis  duobus  instructia. 
Diam. — Max.  spor.  perdurant.  -75^1515"  =  .00093"  ;  microg.  7^%^"  =  .00053", 
Aquatic;  cells  green,  globose  or  angular,  accumulated  in  a  green  pulverulent  stratum,  often 
closely  united  into  families  ;  cytioderm  mostly  not  distinct ;  resting  spores  round  with  two  or 
three  thick  coats ;  zoospores  oval  or  roundish,  or  somewhat  elliptical,  furnished  with  two 

Bemarhs. — I  found  this  species  growing  in  a  spring  near  Hestonville,  "West 
Philadelphia,  in  tire  month  of  March.  The  large  winter  spores  are  round,  with 
thick  coats.  Except  in  one  instance,  in  which  the  color  was  a  decided  reddish- 
brown,  all  that  I  have  seen  have  been  green.  How  they  are  produced  I  do  not 
know.  The  history  of  their  development  into  the  plant  appears  to  be  as  follows : 
The  first  change  is  the  rupture  of  their  outer  thick  coat  (fig.  4  h,  pi.  7)  from  which 
the  spore  finally  escapes  still  clothed  with  a  coat  of  moderate  thickness.  The 
green  contents  next  divide  into  a  number  of  oval  bodies  (fig.  6  h,  pi.  7)  which 


Hosted  by 


Google 


FBESH-WATER  ALG^  OF  THE  UNITED  STATES.      87 

grow,  and,  at  the  same  time,  separate  from  one  another.  Whilst  these  changes 
have  been  taking  place  the  spore  coat  has  been  becoming  gelatinous  and  enlarging, 
so  that  it  continues  to  enclose  its  progeny.  In  this  way  a  family  of  oval  cells  is 
formed  (fig.  4  h,  pi.  7),  So  far,  I  think,  is  positive.  The  next  step  I  have  never 
actually  seen,  but  believe  to  be  the  escape  of  these  oval  bodies  as  zoospores  (fig. 
4  c,  pi.  7)  which  are  of  very  various  sizes  and  are  elliptical,  globose,  or  oval.  They 
have  a  tolerably  vsreU-marked  bright  vacuole  at  their  beak,  and  after  swimming 
about  actively  for  a  time  finally  settle  down,  lose  their  cilia,  and  undergo  division. 
They  seem  often  to  cluster  together  before  thus  becoming  quiescent,  so  as  to  make 
little  colonies  (fig.  5,  pi.  7). 

Genus  CHLOKOCOCCUM,  Fries. 

Coilulse  sphieroidfiEe,  aut  singulffi,  libcrse,  vesicnla  chlorophjllosa  et  locello  laterali  pallidiori  cavo  ? 
instructte,  limbo  hyalino  et  tegumentis  sspe  ampliaaimis  cinctce,  aut  plures  in  stratum  vel  acervulos 
cumulatie. 

Propagatio  fit  zoogonidiie  cytiop!asmatis  divisioEe  ortis,  e  cytiodermatis  abayias  (intellige  tegn- 
mentura  extremniu)  rupturis  excedeatibus 

Cells  spheroidal,  either  single,  fi-ee,  furnislied  with  a  chlorophyllous  vesicle  and  a  paler  lalpral 
(hollow  t)  spot,  with  a  hyaline  nimbus  and  sarrounded  by  a  wide  coat ;  mostly  accumulated  together 
into  strata  or  little  heaps.  Propagation  by  means  of  zoospores,  which  are  formed  by  a  division  of 
eytioplaam  and  escape  from  their  general  tegument  (the  eytioderm  of  the  original  cell). 

Remarks. — But  a  few  weeks  after  the  commencement  of  my  study  of  fresh- 
water algsG,  a  friend,  a  young  microscopist,  asked  me  to  look  at  his  aquarium,  as 
the  water  of  it  had  become  stagnant,  opaque,  and  green.  On  examining  a  little 
of  the  water  with  the  microscope  it  was  found  to  be  full  of  what  I  now  know  to 
have  been  either  one  of  the  forms  already  described  under  this  genus,  or  else  one 
undescribed,  but  still  embraced  within  its  limits.  There  were  two  sets  of  bodies, 
the  one  motile  the  other  at  rest.  The  motile  forms  (Fig.  6,  pi.  3)  were  globular  or 
pyriform,  and  generally  contained  a  large,  roundish,  green,  distinct  mass.  They  were 
of  course  provided  with  cilia,  altliough  at  that  time  I  was  not  able  to  demonstrate 
their  presence.  These  bodies,  even  when  moving,  appeared  to  have  a  distinct 
Wall.  After  a  time  they  settled  down  and  assumed  the  quiescent  state.  The 
outer  coat  now  rapidly  enlarged  so  as  to  leave  a  considerable  space  between  it  and 
the  green  endochrome,  which  rapidly  underwent  division,  forming  two  or  more 
new  cells  which  were  still  surrounded  by  the  enlarged  maternal  coat.  The  num- 
ber of  daughter-cells  enclosed  in  the  parent  cell  varied.  A  considerable  quantity 
of  the  water  was  allowed  to  stand  in  a  glass  jar,  exposed  to  the  light.  In  a  very 
few  days  all  the  motile  forms  had  disappeared.  The  contents  of  the  vessel  were 
allowed  slowly  to  evaporate.  The  jar  being  tall  and  narrow  it  was  some  weeks  now 
before  this  process  was  completed,  before  which  consummation  Ticematococcus  forms 
were  abundantly  developed. 

Instead  of  being  green,  and  surrounded  by  a  distant,  almost  sac-like  wall,  the  cells 
had  acquired  a  dark  brownish-red  color,  were  very  opaque,  and  were  protected  by 
a  thick  wall,  whose  surface  was  quite  rough.  Unfortunately,  I  did  not  measure 
either  the  active  gonidia  or  their  progeny,  the  quiet  cells,  but  I  found  the  general 
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diameter  of  these  hsematococcus  cells  to  be  one  twelve-hundredth  of  an  inch 
(.00083"). 

MM.  FamnitzinandBoranetzky.inarecentpaperC'ZurEntwickelungsgeschichte 
der  Gonidieu  und  Zoosporenbildung  der  Flechten,"  Mem.  de  L' Academie  Imperiale 
des  Sciences  de  St.  Petersbourg,  1868,  Annals  and  Mag.  Nat,  History,  Feb.  1869), 
state  as  the  result  of  direct  observation  that  this  genus  of  algse,  so  called,  is  really 
a  stage  in  the  life  history  of  the  gonidia  of  lichens.  These  gentlemen  took  thin 
slices  of  lichen  thalli  containing  gonidia,  and  placed  them  upon  pieces  of  fir  and 
linden  bark,  which  had  been  previously  boiled  to  kill  any  plants  that  might  be 
growing  on  them.  These  were  then  put  in  a  glass  jar  inserted  over  a  vessel  con- 
taining water,  in  such  way  that  they  would  be  constantly  exposed  to  a  very  damp 
atmosphere,  and  at  the  same  time  communication  with  the  external  air  would  be 
impossible.  In  another  set  of  experiments,  pieces  of  the  lichens  were  allowed  to 
lie  for  a  long  time  in  water,  until  the  component  filaments  were  decomposed  into 
a  gelatinous  mass,  in  which  the  still  green  vigorous  gonidia  were  imbedded.  These 
pap-like  (breiige)  masses  were  then  washed  with  pure  water  and  smeared  upon 
pieces  of  linden  bark.  The  results  obtained  were  identical  in  the  two  cases.  The 
gonidia  were  at  first  provided  each  with  a  distinct  nucleus  and  a  well-marked 
lateral  vacuole,  and  resembled  closely  the  first  form  of  cystococcus.  The  next 
change  was  a  division  of  their  contents  into  a  large  number  of  roundish  masses, 
with  the  disappearance  both  of  the  vacuole  and  of  the  central  nucleus.  The  cell- 
membranes  were  next  ruptured,  and  the  endochrome,  protruding  through  the  open- 
ing, formed  a  little  ball  sitting  upon  the  parent  cell.  In  doing  this  it  doubled 
in  size,  so  that  the  part  without  was  as  large  as  the  part  within,  although  the  latter 
still  filled  the  cell.  The  contents  finally  escaped,  but  were  yet  surrounded  by  a 
very  thin  membrane,  which  soon,  however,  ruptured,  and  freed  the  biciliated 
zoospores  into  which  the  endochrome  had  in  the  mean  time  resolved  itself.  These 
zoospores  remained  a  long  time  in  the  motile  state,  but  finally  settled  down,  drop, 
ping  their  cilia,  and  became  little  round  cells,  which  grew  to  three  or  four  times 
their  original  size.     Further  development  was  not  made  out. 

Certain  of  the  gonidia,  belonging  to  a  lichen  of  the  genus  Physcia,  failed  to 
produce  zoospores,  but  their  endochrome,  divided  so  as  to  form  a  number  of 
quiescent  cells,  which  either  ruptured  very  early  the  original  cell-membrane  and 
became  free  in  the  water,  or  else  remained  bound  together  by  it  into  a  family  for  a 
longer  period.  In  these  researches  MM.  Famnitzin  and  Boranetzky  employed 
lichens  of  three  genera,  namely  Physda,  Cladonia,  and  Evennia,  and  claim,  as 
above  stated,  that  their  investigations  prove  that  they  developed  the  algse  genus 
Cystococcus  of  Naegeli  (CMorococcum,  Fries),  from  the  gonidia. 

Genus  POLYEDEIUM,  N^geli,  (1849.) 

CellulK  singula,  segregate,  libere  natantcs,  corapressse,  3-4-8  angulares,  angulis  plus  minus  pro- 
ductse,  nonnunquam  radiatim  elongatte,  aut  iiitegrie  aut  bifidce,  pleramqne  armatse,  a  latere  oblongo- 
ellipticffi,  Btroque  polo  rotundatffi  vel  suhtruncatse.  Cytioderma  tenue,  Iseve.  Massa  chloropbyl- 
laeea  plerumque  granulosa,  per  eellulffi  lamen  cqtialiter  distributa,  nonnunquam  guttulis  oleosia 
rubris  1-4  mixta, 

Propagatio  adhuc  ignota.  (R.)     Genu^  mihi  ignoium. 
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Cells  single,  segregate,  swimming  free,  compressed,  3-4-8-angled,  more  or  less  produced  as  to  their 
angles,  sometimes  radiatoly  elongate,  either  entire  or  bifid;  mostly  armed,  oblong-elliptical  when 
viewed  laterally,  at  each  end  rounded  or  subtrnncate.  Cytioderm  thin,  smooth ;  chlorophyl  mostly 
granular,  equally  distributed  through  the  cell,  sometimes  mixed  with  reddish  oil-drops. 

"  a  unknown. 


Remarlcs. — This  genus  was  described  by  Naegeli  in  his  "  Gattungen  Einzelliger 
Algen,"  and,  although  I  have  never  seen  any  specimen  of  it,  it  claims  a  place  here, 
because  one  species  has  been  found  in  this  country  by  Pro£  Bailey. 

P.  enorme,  (Ralfb)    De  Bary. 

P.  tctraediicum,  angulia  productis  achrois  profnnde  bilobis,  nonnunquam  repetito-bilobis,  lobis 
mucroiiatis.  (R.) 

Diam.— 0.0011"— 0.0016".  (K) 

8yn.—P.  enorme,  (Ralfs)  De  Bary.  Raeenhorst,  Flora  Europ.  Algarum,  Sect.  III.  p.  62. 
Staurastrum  enorme,  Ralis,  British  Dcsmidiese. 

Mob. — Florida.     Bailey. 

"Frond  irregular  or  quadrate,  spinous;  end  view  three  or  four-lobed;  lobes  broad,  more  or 
less  emarginate  or  bifid,  and  terminated  by  spiaes,  which  are  either  simple  or  branched. 
Sometimes  the  front  view  differs  but  little  from  the  end  one,  Hsually,  however,  there  is  a 
slight  constriction  or  sinus  at  the  junction  of  the  segments,  but  I  have  never  observed  any 
difference  in  the  endochrome  at  that  part.  The  spines,  which  are  almost  confined  to  the 
angles,  are  irregular,  some  simple  and  some  branched.  The  end  view  has  three  or  four  broad 
and  very  irregular  lobes  ;  these  are  spinous  and  more  or  less  emarginate,  and  frequently  one 
lobe  is  much  broader  and  more  spinous  than  the  others.  The  spines  on  euch  lobe  form  two 
groups,  separated  by  the  notch;  they  vary  much  in  size  and  are  either  simple  and  subulate, 
or  else  forked;  sometimes  the  forked  spines  are  again  divided  at  the  apes," — Ualfs'  British 
Desmidieie,  p.  141. 

Genus  SCENEDESMUS,  Meten, 

CelluliE  polymorphse,  utroque  polo  asquales  vel  insequales,  sape  in  comu  spiniforme  productje,  in 
letate  perfecto  2-16  aut  in  seriem  simplicem  aut  parenchymatice  arete  conjunctse  et  ceenobinm  con- 
stituentes ;  cytioplasmate  initio  homogeneo,  postea  graiiuloso,  vesicula  chlorophyllosa  centrali  vel 
sublaterali  ct  sa;po  locello  achroo  laterali  instructo. 

Propagatio  fit  eytioplasmatis  divisione  succedanea,  unde  gonidia  oriuntur,  qnie  intra  celhiliim 
matricalera  jam  in  ccenobium  planum  sese  conjungunt  et  membrane  matricalis  rnptura  vel  dissolu- 
tione  prodeunt. 

Cells  polymorphous,  equal  or  unequal  at  the  ends,  often  produced  into  a  spine-like  horn,  in  tlie 
perfect  state  2-16  closely  conjoined,  either  as  a  simple  series  or  in  a  parenchyma-like  manner  so  as  w 
form,  a  ccenobium.  Cytioplasin  in  the  beginning  homogeneous,  afterwards  granular,  furnished  vviili 
a  central  or  sublaterat  chlorophyllous  vesicle,  and  often  with  a  lateral  transparent  spot. 

Propagation  occurring  as  a  snccedaneum  to  the  division  in  the  cells,  whence  arise  gonidia,  which, 
already  within  the  mother-cell,  join  themselves  into  a  ctenobium,  and  are  finally  set  free  by  the  rupture 
and  dissolution  of  the  maternal  cell-.wall. 

Remarks. — According  to  linger,  in  the  genus  Scenedesmm  the  cells  never  exist 
singly,  but  always  in  families. 

Two  of  the  species  hero  dcscrilied  as  representatives  of  the  genus  certainly  do 
not  conform  to  this,  for  I  have  freCLuently  seen  them  both  separate  and  in  ccenobia 

13      May,  1B73. 
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or  families.  The  latter  were  exactly  like  those  of  the  European  forms,  at  least 
in  one  of  the  two  species,  and  I  lio  not  therefore  think  it  justifiable  to  indicate  a 
new  genus.  Moreover,  I  have  certainly  seen  single  cells,  belonging  to  a  species 
which  agrees  precisely  in  its  characters  with  a  European  form,  save  only  in  the 
occasional  existence  of  these  single  cells. 

I  have  never  studied  the  method  of  propagation,  but  it  is  said  to  occur  by  the 
division  of  the  cytioplasm  of  a  large  cell  into  a  minute  ccenobium  composed  of 
two  or  more  cells,  which  remains  for  some  time  within  the  walls  of  the  mother- 
cell,  but  is  finally  set  free  by  the  solution  of  the  latter. 

The  cells  are  mostly  much  longer  than  broad,  cylindrical,  elliptical,  or  oval,  but 
in  one  species  herein  described  they  are  habitually  globular. 

a.  Cellulfe  inermes, 

a.  Cells  nnarmed. 

S.  obtusns,  Meyen. 

S.  cellalis  oblongis  vel  ovatis,  utroque  polo  obtusia,  4-6-8  mode  arete  modo  laxe  in  seriem 

Bimplicem  ant  rectam  aut  duplicem  obliquam  coujunctis,  diametro  3-5  plo  loDgioribua.  (R.) 
/)iam.— Transv.  max.  0.00023"— 0.00028".  (R.) 

Syn. — S.  obtiAsus,  Meyen.     Rabenhorst,  Flora  Europ.,  AJgarnm,  Sect.  III.  p.  63. 
Mob. — Georgia:  Rhode  Island,  Bailey. 
Cells  oblong  or  ovate,  obtnse  at  each  end,  4-6-8,  partly  closely  partly  laxly  conjoined  into  a 

simple  series  either  straight  or  oblique  and  double,  3-5  times  longer  than  broad. 

Remarh. — I  have  never  met  with  this  species. 

S.  acntus,  Meyen. 

5.  cellulia  fusiformibus,  vel  ovato-fusiformibus  vel  ovatis,  ntrinqne  acutis  sed  inermibns,  inter- 
dnm  singulis  sed  plenimqne  in  seriem  aut  simplicem  rectara  aut  duplicem  inordinate  aJter- 
nantem  dispositis,  arete  concretis,  diainetro  2-4  (6?)  -plo  longioribus. 

i>iom.— Trans,  vag,  max.  ?  .00016". 

Syn. S.  ttcutus,  Meten.     RABENnoBST,  Flora  Europ.  Algarum,  Sect.  III.  p.  64. 

Sab. — Prope  Philadelphia,  Wood.     Rhode  Island,  Bailey. 

Cells  fusiform,  or  ovate-fuBiform  or  ovate,  acute  at  each  end  btit  unarmed;  sometimes  single 
but  mostly  conjoined  into  a  single  straight  series  or  into  an  irregularly  alternate  double  series, 
2-4  times  longer  than  broad. 

BmnarJcs. — This  species  is  common  around  Philadelphia.  Our  specimens  agree 
very  well  with  the  descriptions  and  figures  of  the  European,  excepting  that  occa- 
sionally a  cell  is  single,  and  that  none  which  I  have  measured  have  attained  the 
size  given  by  Prof.  Rabenhorst  as  the  maximum,  namely,  0.00023".  According 
to  Rabenhorst,  S.  ohliquus,  Ktz.,  is  only  a  variety  of  iS.  aoifus,  Meyen.  It  has 
been  found  by  Prof.  Bailey  in  South  Carolina,  Georgia,  and  Rhode  Island. 

6.  Cellulse 

b.  Cells  armed. 
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IS.  polymorphns,  Wood. 

S.  cellulis  fusiformibus,  aut  ovalibus  aut  ellipticis  aut  globosia,  singulis  aut  2-8  conjanetis, 
plerumqiie  utroque  polo  aculeo  uoico,  interdum  aculeia  duobus,  instructis :  apicibus  obtusia, 
acutis,  vel  aciitissimis ;  aculeis  gracillimis,  rectis,  modice  elongatis,  inclinatis. 

Ztiam.— js'ca"— Tg'ini"  j  plerumque  ^oos"- 

Syn-S.  jMlymorphus,  Wood,  Prodromns,  Proc.  Am.  Philos.  See.,  1869,  p.  135. 

Bab. — In  aquis  qnietis  prope  Camdeu,  New  Jersey. 

S.  cells  faaiforra,  or  oval,  or  elliptic,  or  globose,  single  or  2-1  conjoined,  furnished  in  most 

cases  with  a  single  spints,  sometimes  2,  at  each  end  ;  ends  obtuse,  acute,  or  very  acute;  spines 

exceedingly  slender  aud  acute,  straight,  moderately  long,  inclined. 

Bemar/cs. — Tliis  plant  was  found  in  a  quiet  pool,  filling  the  water  in  such  num- 
bers as  to  make  it  opaque  and  very  green.  The  color  of  the  cells,  as  first  obtained, 
under  the  microscope,  was  a  vivid  green,  but,  the  water  containing  them  having 
been  placed  in  a  dish,  during  the  slow  desiccation  which  followed  the  color  of  tlie 
cells  changed  to  a  golden  yellow. 

Fig.  1,  pi.  11,  represents  different  forms  of  this  species  magnified  450  diameters. 

S.  qnadricauda,  (Tuepin)  Br^b. 

S.  cellulis  oblongo-cylindrieis,  utroque  polo  obtuse  rotundatis,  2-4-8  arctissime  conjiinetis, 
ordine  aut  siniplici  recto  aut  dupliee  alternante,  omnibus  rectis,  mediaiiis  inermibus  vel  his 
illisve  apice  uno  alterove  aculeo  curvato  instructis,  extimts  utroque  apice  saspius  item  dorso 
arm  at  is. 

2>iam.--0.00035"— 0.00039";  long.  0.00091". 

Syn. — S.  guadricauda,  (Turpin)  Ereb.     Rabenhoest,  Flora  Europ.  Algar.,  Sect.  III.  p.  65. 

Hah. — Rhode  Island,  Bailey.     Pennsylvania,  Wood. 

Cells  oblong-cyiindrical,  obtnsely  rounded  at  each  end,  2-4-8  very  closely  conjoined  either  in  a 
single  straight  series  or  a  double  alternating  one,  all  straight,  the  median  unarmed  or  some  of 
them  with  the  apex  furnished  with  a  curved  spine,  the  external  with  both  apices  and  some- 
times the  dorsum  thus  armed. 

Remarh. — Fig.  2,  pi  11,  represents  this  species  magnified  750  diameters. 

S.  rotundatas,  Wood,  (sp.  nov-) 

S,   cellulis  globosis  vel  subglobosis,  spinulis  longissimis,  rectis,  gracillimis,  acutissimis,  3-6 

armatis,  aut  singulis  aut  geminis  aut  3-4  arete  dupliee  conjnnctis. 
Diam, — ^g'^^    to  ^^^-g  . 

Eah. — In  aquis  quietis  prope  Philadelphia.    (Dr.  Chapman.) 
Cells  globose  or  subglobose,  armed  with  three  to  five  very  long,  slender,  acute,  straight  spines, 

single  or  in  pairs,  or  three  to  four  closely  coigoined  in  a  twofold  rank, 

Remarke.—The  cells  of  this  species  are  globular,  and,  when  more  than  two, 
they  are  arranged  in  two  rows  placed  at  right  angles  one  to  the  other.  The  con- 
tents of  the  cells  are  markedly  granular,  and  the  endochrome  a  bluish-green,  and 
from  the  surface  of  the  walls  project  outwards,  very  long  and  fine,  rigid  hair-like 
spines. 

It  seems  scarcely  correct  to  place  this  plant  in  the  genus  Scenesdesmvs,  but  I  do 
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not  know  any  other  genus  to  which  it  is  more  closely  iiUied,  and  do  not  feel  dis- 
posed to  indiciite  a  new  one  for  it. 

Fig.  3,  pi.  11,  represents  a  cell-family  magnified  250  diameters. 

Genus  HYDEODICTYON,  Roth.  (1800.) 

CellultB  oblongo-cylindricse,  in  cteiiobiotn  retkulato-saccatum  connesse,  omnes  fertiles;  alise 
procreant  macrogonidia,  quse  jam  iotra  cellulam  matricalem  in  cccnobium  filiale  se  connectunt;  alite 
microgonidia,  quie  mnlto  minora,  ecllulfe  matricalis  membranara  perrumpunt,  poio  antico  ciliis  vibra- 
toriis  binis  et  puiicto  rnbro  latorali  prsedita  sunt,  brevi  postea  in  globulos  protococeoideos  traaqaillos 
transformata  sporas  perdurantes  effieiant. 

Cells  oblong-cylindrical,  joined  into  a  reticulated  saccate  cceuobium,  all  fertile;  some  producing 
macrogonidia,  which  join  themselves  iDto  a  ccEuobium  within  the  parent  cell ;  the  others  producing 
microgonidia,  which  are  furnished  with  two  vihratile  cilia  and  a  lateral  red  spot,  and  which,  escaping 
from  the  parent  cell,  are,  after  a  brief  period  of  motile  life,  transformed  into  protococcoid  thick-walled 
spores. 

Remarhs. — Tlie  genus  Hydrodlctyon  comprises,  as  far  as  kno\vn,  but  a  single 
species,  which  is  common  to  North  America  and  Europe.  It  gi-ows  in  great 
abundance  in  the  neighborhood  of  Philadelphia,  especially  in  the  ditches  and 
stagnant  brick-ponds  in  the  low  grounds  below  the  city  known  as  the  "  Neck," 
There  it  very  frequently  forms  floating  masses  several  inches  in  thickness  and 
many  feet"  in  extent,  so  that  with  the  aid  of  a  rake  it  could  be  gathered  by  the 
bushel.  Wlien  thus  in  mass  the  color  is  very  generally  dingy  and  yellowish, 
although  the  fronds,  when  in  active  vegetative  life,  are  mostly  of  a  bright,  beauti- 
ful green.  The  plant  is  in  greatest  profusion  in  June  and  July,  after  which  time 
it  gradually  disappears,  until  in  the  autumn  it  is  scarcely  to  be  found,  but  early 
in  the  spring  it  reappears.  The  very  young  fronds  are  minute,  oval,  cylindrical, 
filmy-looking,  closed  nets,  with  the  meshes  not  appreciable  to  the  eye ;  when  growth 
takes  place,  the  fronds  enlarge  until  finally  they  form  beautiful  cylindrical  nets 
two  to  six  inches  in  length,  with  their  meshes  very  distinct  and  their  ends  closed. 
In  the  bright  sunlight  they,  of  course,  by  virtue  of  the  life-functions  of  their  chlo- 
rophyl,  liberate  oxygen,  which  being  set  free  in  the  interior  of  the  net,  and  its 
exit  barred  by  the  fine  meshes,  collects  as  a  "bubble  in  one  end  of  the  cylinder  and 
buoys  it  up,  so  that,  the  heavier  end  sinking,  the  net  is  suspended,  as  it  were,  ver- 
tically in  the  water.  I  know  of  few  things  of  the  kind  more  beautiful  than  a  jar 
of  limpid  water  with  masses  of  these  little  nets  hanging  from  the  surface  like  cur- 
tains of  sheen  in  the  bright  sunlight.  A  few  cells  collected  in  the  fall  or  early 
spring,  if  put  into  a  preserving-jar  and  the  water  occasionally  changed,  will  multi- 
ply, and  in  a  little  while  become  a  source  of  frequent  pleasure  to  the  watcher. 

As  the  fronds  increase  in  size  they  are  always  in  some  way  or  other  broken  up, 
so  that,  instead  of  being  closed  cylinders,  they  appear  as  simple  open  networks  of 
less  or  greater  extent.  The  extreme  length  to  which  the  frond  attains  is,  I  think, 
very  rarely  over  twelve  inches,  with  meshes  of  about  a  third  of  an  inch  in  length. 
The  construction  of  the  frond  is  always  the  same.  It  is  composed  of  cylindrical 
cells  united  end  to  erid  in  such  a  way  as  to  form  polygon:)!,  and  mostly  pentagonal 
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meshes,  the  size  of  which  varies  with  the  age  of  the  plant.  These  cells, 
which  are  closely  conjoined  but  have  no  passage-ways  between  them,  are  capable 
of  independent  life,  so  that  the  hydrodictyon  may  be  looked  upon  as  an  elaborate 
type  of  a  cell-family,  one  in  which  cells  are  conjoined  in  accordance  with  a  defi- 
nite plan,  so  as  to  make  a  body  of  definite  shape  and  size,  yet  in  which  each  cell 
is  an  independent  being,  drawing  nothing  from  its  neighbors.  The  cells  them- 
selves are  cylindrical,  with  a  thickish  cellulose  wall,  and  have  no  nuclei.  Their 
chlorophyllous  protoplasm  is  granular,  and  is  placed  in  the  exterior  portion  of  the 
cell,  forming  thus,  within  the  outer  wall,  a  hollow  cylinder,  in  which  are  imbedded 
starch  granules,  and  whose  interior  is  occupied  with  watery  contents.  The  hydro- 
dictyon cell,  when  once  formed,  is  capable  of  growth,  but  not  of  going  through  the 
usual  process  of  cell  multiplication  by  division,  so  that  the  adult  frond  is  com- 
posed of  just  as  many  and  indeed  the  same  cells,  as  it  had  in  its  earliest  infancy. 

No  true  sexual  reproduction  has  as  yet  been  discovered  in  the  water-nets.  There 
have  been  described,  however,  two  forms  or  methods  in  which  the  species  multi- 
plies, both  of  them  occurring  by  means  of  motile  zoosporoid  bodies.  In  the  one 
case  these  develop  immediately  into  the  new  plant,  whilst  in  the  other  before 
doing  so  they  pass  through  a  resting  stage.  Of  the  life-history  of  the  latter,  the 
microijonvlia,  I  have  no  personal  knowledge. 

The  investigation  of  the  production  and  development  of  the  ?nacro^oM.i(^ta,  how- 
ever, has  occupied  considerable  of  the  time  devoted  by  myself  to  the  piicroscope, 
and  I  have  seen  large  numbers  of  specimens  in  almost  all  the  stages  of  develop- 
ment. I  have  never  been  able  to  detect,  however,  any  decided  motion  in  the 
macrogonidia. 

They  are  formed  in  the  protoplasmic  stratum,  already  alluded  to  as  occupying 
the  outer  portion  of  the  interior  of  the  hydrodictyon  cell.  The  first  alteration  in 
this,  presaging  their  formation,  is  a  disappearance  of  the  starch  granules,  and  a 
loss  of  the  beautiful,  transparent  green  color.  Shortly  after  this,  even  before  all 
traces  of  the  starch-grain  are  gone,  there  appear  in  the  protoplasm  numerous 
bright  spots  placed  at  regular  intervals;  these  are  the  centres  of  development 
around  which  the  new  bodies  are  to  form.  As  the  process  goes  on,  the  chlorophyl 
granules  draw  more  and  more  closely  around  these  points,  and  at  the  same  time 
the  mass  becomes  more  and  more  opaque,  dull,  and  yellowish-brown  in  color.  This 
condensation  continues  until  at  last  the  little  masses  are  resolved  into  dark  hexa- 
gonal or  polygonal  plates,  distinctly  separated  by  light,  sharply  defined  lines.  In 
some,  the  original  bright  central  spot  is  still  perceptible,  but  in  others  it  is  entirely 
obscured  by  the  dark  crowded  chlorophyl.  The  separation  of  these  plates  now 
becomes  more  and  more  positive,  and  they  begin  to  become  convex,  then  lenticular, 
and  are  at  last  converted  into  free,  oval,  or  globular  bodies.  When  these  are  fully 
formed,  they  are  said  to  exljibit  a  peculiar  trembling  motion,  mutually  crowding 
and  pushing  one  another,  compared  by  M.  Braun  to  the  restless,  uneasy  movement 
seen  in  a  dense  crowd  of  people  in  which  no  one  is  able  to  leave  his  place.  Whilst 
the  process  just  described  has  been  going  on,  the  outer  cellulose  wall  of  the  hydro- 
dictyon cell  has  been  undergoing^  changes,  becoming  thicker  and  softer  and  more 
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and  more  capable  of  solution,  and  by  the  time  the  gonidia  are  formed  it  is  enlarged 
and  cracked,  so  that  room  is  afforded  them  to  separate  a  little  distance  from  one 
another  within  the  parent  cell.  Now  the  movements  are  said  to  become  more 
active — a  trembling  jerking  which  has  been  compared  to  the  ebullition  of  boiling 
water.  There  is,  however,  -with  this  a  very  slight  change  of  space,  and  in  a  very 
sliort  time  the  gonidia  arrange  themselves  so  as  to  form  a  little  net  within  the 
parent  cell,  a  miniature  in  all  important  particulars  of  the  adult  hydrodictyon. 
The  primary  cell-wall  now  becomes  more  and  more  gelatinous,  and  soon  undergoes 
Complete  solution,  so  that  the  new  frond  is  set  free  in  its  native  element.  As  pre- 
viously stated,  in  my  investigations  I  have  never  seen  the  peculiar  motion  above 
described,  the  newly  formed  gonidia  simply  separating  and  arranging  themselves 
without  my  being  able  to  perceive  any  motion,  or  exactly  how  they  fell  into  posi- 
tion. 

It  is  evident  that  when  the  species  is  multiplied  in  the  way  just  described,  the 
birth  of  the  new  froud  is  consentaneous  with  the  death  of  the  old  cell.  But  when 
the  hydrodictyon  disappear  in  the  fall,  it  is  months  before  they  reappear  in  the 
spring.  It  is,  therefore,  evident  there  must  be  some  other  method  of  reproduction. 
This  slow  development  of  new  fronds  takes  place,  according  to  Pringsheim,  by 
means  of  little  motile  bodies  which  he  calls  ^"^  DauerscJiwdrmer,"  which  has  been 
translated  into  English  chronispores  {statosporesy  Hicks),  M.  Braun  stated  already 
some  years  since  that  sometimes,  instead  of  the  hydrodictyon  producing  the  ordi- 
nary reproductive  bodies  (macrogonidia),  there  are  formed  in  the  cells  much  smaller 
and  more  active  bodies,  the  microgonidia.  The  changes  which  occur  in  the  pro- 
duction of  these  are  very  similar  to  those  already  described  as  happening  when 
the  macrogonidia  are  formed.  When  the  chronispores  are  once  formed,  however, 
they,  instead  of  uniting  together  escape  in  a  free  distinct  condition  into  the  water. 
They  are  now  small  ovate  bodies,  with  a  large  anterior  transparent  space,  to  which 
are  attached  a  pair  of  cilia,  and  their  life  and  history,  according  to  Pringsheim,  is 
as  follows :  For  a  few  hours  they  move  about  very  actively  in  the  water,  and  then, 
dropping  their  cilia,  and  acquiring  an  outer  cellulose  wall,  pass  into  a  quiescent 
stage,  in  which  they  closely  resemble  protococcus  granules.  They  are  capable  of 
living  in  this  state  for  a  long  time,  if  kept  in  water.  They  can  also  endure  desic- 
cation if  the  light  be  excluded  during  the  process,  but,  if  it  be  present,  they  wither 
and  die,  and  cannot  he  revivified. 

After  a  longer  or  shorter  period,  but  never  shorter  than  tiiree  months,  according 
to  Pringsheim,  they  recommence  their  life,  provided  they  be  in  water.  Por  four 
or  five  months  after  this  the  chief  change  consists  simply  in  an  increase  in  size. 
The  dark-green  protoplasm  is  arranged  around  the  exterior  of  the  cell,  within  are 
the  more  fluid  colorless  contents,  the  whole  body  still  looking  like  a  protococcus 
cell.  After  a  size  of  about  -^-^  mm.  is  attained,  the  endochrome  divides  succes- 
sively into  several  portions.  The  external  layers  of  the  surrounding  wall  now 
give  way  in  some  spot  and  allow  the  inner  layers  to  protrude  and  form  a  sort  of 
.  hernial  sac,  into  which  the  several  endochrome  masses  soon  pass,  at  the  same  time 
assuming  the  well-known  characters  of  true  zoospores.     From  two  to  five  of  these 


Hosted  by 


Google 


FRESH-WATER  ALG^   OF  THE   UNITED   STATES.  95 

bodies  are  thus  produced  out  of  each  original  microgonidium.  They  are  large 
ovate,  biciliate,  and,  generally,  soon  escaping  from  the  hernial  sac,  move  about 
actively  in  the  water  for  a  few  minutes.  Sometimes,  however,  they  settle  down 
within  the  generative  utricle.  In  either  case,  after  a  little  time,  they  become 
motionless,  lose  their  cilia,  and  develop  into  polyhedral  cells,  which  are  structurally 
remarkable  for  having  their  angles  prolonged  into  long  horn-like  appendages.  Under 
favorable  circumstances,  at  the  end  of  a  few  days,  the  bright  green  endocbrome  of 
these  undergoes  similar  changes  to  those  described  as  presaging  the  production  of 
the  microgonidia,  and  is  finally  fonned  into  zoospores,  which,  in  from  twenty  to  forty 
minutes,  unite,  within  the  polyhedron  or  large  cell,  into  a  Bydrodictyon,  which  is 
finally  set  free  by  a  solution  of  the  cellulose  coat  of  the  polyhedron.  The  network 
thus  formed  differs  in  no  essential  way  from  that  which  arises  in  the  better  known 
way,  except  that  it  is  composed  of  much  fewer  cells.  It  is  generally  a  closed 
sac;  but  when  the  polyhedron,  out  of  which  it  is  developed,  is  small,  it  is  some- 
times merely  an  open  network.  Its  after-history  appears  to  be  identical  with  thai 
of  the  ordinary  hydrodictyon  frond. 

H.  utriculatunij  Both. 

Species  unica. 

Syn. — B.  utriculatum,  Koth.     Rabenhoest,  Flora  Europ.  Algaram,  Sect.  III.  p.  66. 

Hab. — In  aquis  quietis.  West  Point,  Bailcj.  Wechawken,  (Mr.  Walters,)  "Waterholes 
between  Van  Horn's  Mills  and  Mueote  on  the  Mexican  boundary,  Dr.  Bigdow.  Pennsyl- 
vania, Wood. 

Genus  PEDIASTRUM,  Meten,  (1829.) 

Gcenobium  plannm,  diseiforme,  libere  natans,  e  celluarnm  strato  unico,  rarlus  eontro  entro  duplicate, 
continue  vet  pcrforato  formatnm.  Cellulae  polygonise,  peripheticffi  ssepe  bilobce,  lobis  cuiieatis  et 
Bimplieibna  et  bidentatls,  nonnunquam  in  cornua  productis. 

Ctenobium  plain,  discoid,  Bwiniming  free,  formed  of  cells  in  a  single,  rarely  in  the  centre  double 
stratum,  which  is  continuous  or  perforate;  cells  polygonal,  the  peripheral  oft«a  bilobcd,  the  lobes 
cuueate,  either  simple  or  bidentate,  sometimes  produced  into  a  horn. 

Remarks. — The  ccenobium  or  cell-family,  or  colony,  in  the  genus  Pediastrum  is 
always  discoid,  and  has  generally  a  more  or  less  truly  circular  outline.  The  cells 
are  mostly  in  a  single  stratum,  but  in  some  species  there  are  two,  more  or  less, 
complete  strata  superimposed  one  upon  the  other.  The  arrangement  of  the  cells 
in  this  stratum,  or  these  strata,  varies  greatly,  as  does  also  their  number.  They 
are  mostly  more  or  less  polyhedral,  and  often  have  their  margins  scooped  out  or 
their  angles  prolonged.  This  may  occur  in  such  a  way  that  the  projecting  point 
of  one  cell  fits  into  the  hollow  in  its  neighbor,  and  the  ccenobium  be  rendered 
entire,  or,  no  such  relation  existing  between  the  parts  of  adjacent  cells,  the  cceno- 
bium m^y  be  perforated  with  regular  or  irregular  openings.  The  outer  or  mar- 
ginal cells  are  often  deeply  notched  externally,  and  frequently  are  prolonged  into 
acute  or  obtuse  lobe-like  processes.  The  walls  of  the  cells  are,  in  adult  specimens, 
quite  thick.     The  contents  consist  of  chlorophyl,  protoplasm,  starch  granules,  &c. 
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There  are  generally  one  or  more  hyaline  spaces,  besides  a  distinct  chlorophyl 
vesicle,  but  no  distinct  nuclei. 

At  certain  periods  of  their  existence  the  Pediastrums  produce  both  macrogonidia 
and  niicrogoriidia.  The  life-history  of  the  former  is  very  similar  to  that  of  the 
same  bodies  in  the  water-nets.  The  ultimate  fate  of  the  microgonidia  has  not  as 
yet  been  determined,  but  in  all  probability  they  go  through  cycles  of  change 
similar  to  those  seen  in  the  lives  of  the  corresponding  bodies  in  the  Hydrodictyon 
vtriculatum.  I  have  not  had  an  opportunity  of  watching  the  development  of 
either  of  these  reproductive  forms,  but,  according  to  MM.  Braun,  Pringsheim,  &c., 
their  life-history,  as  far  as  known,  is  as  foUovs's :  In  most  cases,  all  the  cells  of  a 
pediastrum  produce  their  macrogonidia  simultaneously,  or  within  a  very  short 
period  of  time,  so  that  the  ecenobium  will  be  left  emptied  of  its  contents  as  a  mere 
shell,  the  outer  skeleton  of  its  former  self.  When  a  cell  is  about  to  give  birth  to 
these  reproductive  bodies,  the  endochrome  divides  into  two  parts;  each  of  which 
then  undergoes  a  similar  binary  division.  This  is  repeated  once,  twice,  thrice,  or 
oftener,  until  the  endochrome  is  divided  into  8-16-32-6i  gonidial  masses,  the 
number  of  which,  generally,  but  not  always,  corresponds  to  the  number  of  cells  in 
the  colony,  to  which  the  parent-cell  belongs.  After  the  division  of  the  endochrome 
is  completed,  a  slit  occurs  in  the  outer  strata  of  the  wall  of  the  mother-cell  through 
which  a  hernial  protrusion  of  the  inmost  stratum  occurs.  The  protruded  part 
now  rapidly  enlarges  until  at  last  there  is  formed  a  sort  of  hourglass-sliaped  sac, 
one  portion  of  which  is  within,  the  other  part  without,  the  old  parent-cell. 
Whilst  this  has  been  going  on  a  portion  of  the  gonidia  have  escaped  from  the 
parent-cell  into  the  outer  free  portion  of  the  sac,  and  each  end  of  tho  hourglass, 
therefore,  contains  some  of  them.  The  sac  with  its  contents  now  gradually 
withdraws  itself  more  and  more  from  the  parent-cell  until  at  last  it  lies  a  free 
globose  vesicle  in  the  water.  The  gonidia  occupy  the  centre,  and  M,  Braun  states, 
that,  although  he  has  never  been  able  to  demonstrate  any  cilia  upon  them,  yet 
they  have  an  active  swarming  motion.  At  first,  they  are  irregularly  heaped  toge- 
ther in  the  nearly  filled  sac ;  but  the  latter  rapidly  enlarges  and  elongates,  and  the 
gonidia  in  a  little  while  arrange^  themselves  in  a  flat,  tabular  group  within  it,  and 
cease  to  move.  Then  the  several  individuals  of  this  group  begin  to  develop, 
becoming  emarginate  and  assuming  the  form  of  the  parent-cell,  until,  finally,  they 
have  all  grown  into  the  shape  which  is  peculiar  to  the  adult  cells  of  the  species, 
and  after  a  few  hours  have  closely  cohered  to  form  a  young  ca'nobium. 

The  microgonidia  are  formed  in  a  very  similar  way  by  the  dividing  of  the  endo- 
chrome, the  cracking  of  the  outer  membrane,  and  the  protrusion  and  final  escape 
of  the  inner.  They  are,  however,  much  smaller  and  more  numerous  than  the 
macrogonidia.  When  the  parent  vesicle  first  escapes  into  the  water,  they  are 
crowded  in  its  centre,  and  are  nearly  globose.  As  it  enlarges,  however,  they  elon- 
gate more  and  more,  and  finally  become  distinctly  bi-  or,  more  rarely,  uni-ciliate. 
The  cilia  are  much  longer  than  the  body,  and  are  attached  to  the  smaller  end, 
which  is  prolonged  into  a  pointed,  transparent  beak,  about  equal  to  the  green  por- 
tion in  length.  The  n^crogonidia  now  become  more  and  more  restless,  they,  moving 
about  very  actively,  and  after  awhile  bursting  the  parent  sac,  escape  into  the  water. 
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What  becomes  of  them  after  this,  as  has  been  stated,  is  a  mere  matter  of  conjec- 
ture. M.  Braun'  and  others  have  described  unicellular  forms  of  several  of  the 
multicellular  species  of  Pediastrum,  and  Pringsheim  sugf,'ests  that  these  are  really 
polyhedrons  developed  out  of  these  microgonidia,  as  is  seen  in  the  water-nets. 
This,  of  course,  may  or  may  not  be  the  case. 
P.  Boryanum,  (TrKWN)  Mengh. 

P.  ccenobio  orbiculari,  oblongo  vel  elliptico,  laagnitudine  vario,  continuo,  lietc  viridi,  c  cellulis 
i-8-I6-32-64  (rarisaime  128)  composito  (cellulanim  strato  simplici,  nonnunquam  medio 
duplicate);  cellulis  periphevicis  pins  minas  profunde  emargioatis  vel  biloWs,  lobia  cornutis, 
cornibus  achrois  hyalinis,  abbreviatis  vel  elongatis,  teretibus,  obtusis  vel  subobtusis,  iaterdum 
c  ap  ite  I  lato-in  eras  satis,  eentralibus  arctissime  concretis,  polygonis  (4-S  angularibuB),  in  antica 
parte  modo  angulo  promipolo  modo  plane  truncatis,  modo  leviter  repandis,  omnium  mem- 
braoa  decussatim  punctata.  (R.) 

Diam.~1masy.  cell  O.00OT95";  rarius  0.00088"— 0.00094".   (R.) 

St/n. — P.  Boryanum,  (Tubpin,)  Menghini.  Rabenhorst,  Flora  Europ.  Algarum,  Sect.  III. 
p.  U. 

Hob. — Georgia,  Florida,  Rhode  Island,  Bailey ;  Pennsylvania  Wood. 

Cells  arranged  in  one  or  more  circles  round  one  or  two  centril  cells  ,  the  inner  variable,  generally 
concave  at  one  side,  the  outer  tapering  into  two  long  subulate  points,  the  notch  narrow, 

L.  1-2083"  to  1-1G33";  B.   1-2 1 33"  to  1-2222".  (Archer) 
P.  Selen;ea,  Ktz. 

P.  ccenobio  orbiculari,  integro,  c  cellulis  8-16  (rarius  31  =  1  +  5  +  10  +  15,  Ktz.)  formato ; 
cellulia  periphericis  angustis,  Innatis,  acute  lobatis,  disci  cellnlis  leviter  excisis,  eentrali  unica 
5-angu!ari,  omnium  nicrabrana  firma,  subcrassa,  aetate  provecta  rubescente.  (R.) 

Zfiam.— Ccenobii  0,00124"~0.0035";  cell,  (distantite  interlobos)  0,00026"— 0.00069".  (R.) 

Syn. — P.  Selensea,  Ktz.     Rabenhoest,  Flora  Europ.  Algarnm,  Sect.  III.  p.  73. 

Sa6.— Rhode  Island,  Bailey. 

Cells  crescent-shaped,  arranged  in  one  or  more  circles  round  one  or  two  central  ones,  connecting 
medium  colored.  (A.)' 
P.  pertusum,  Ktz. 

P.  ccenobio  orbiculari,  lacunis  pertuso,  magnitudine  vario,-e  cellulis  plernmqne  1  +  5+10  +  15 
(in  forrais  quibusdam  ad  64)  composito ;  celluHs  periphericis  basi  tantura  laxe  connexis,  ad 
medium  usque  bilobis,  lobis  rectis,  in  cornua  hyalina  modo  subacuta  modo  obtusa  vel  trun- 
cata  plus  minus  productis,  eentralibus  plus  minus  esacte  quadrangular! bus,  et  in  antica  parte 
et  utriuque  emaginatis,  omnibus  Itevibus,  loeellis  pallioribus  finis  instractis.   (R.) 

i>2"am.— Transv.  cell,  pcrfecte  evolut.  circiter  0.00065" — 0.00089".  (R.) 

Syn. — P.  pertusum,  Ktz.     Rabenhoest,  Flora  Europ.  Algamm,  Sect.  III.  p.  15, 

Cells  arranged  in  circles  round  one  or  two  central  ones ;  inner  cells  quadrangular,  sides  concave 
and  leaving  angular'vacant  intervals;  the  outer  cells  with  square  bases,  externally  triangu- 
larly notched,  the  subdivisions  tapering  to  an  acute  point.     L.  1-2266"  ;  B.  1-3268".    (A.) 

P.  conslfictuin,  Hassal. 

p.  cffinobio  orbiculari  vel  snborbiculari,  la;te  viridi,  continno,  Isevi  ?,  e  cellulis  16  (ad  I  +  5  + 
10)  vel  32  (ad  1  +  6  +  10  +  15)  formato ;  cellulia   periphericis  irregulariter  bilobis,  sinu 

'  The  best  exposition  of  this  genua  ia  to  be  found  in  Eraun's  Unicellular  Algse. 
'  The  letter  A  used  here  signifies  that  tjie  description  is  copied  from  Mr.  Archer  ia  Prichard's  Infu- 
soria. 

13      June,  1S72. 
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angusto,  lobis  intequalibus,  basi  plerutiique  coiistrietis,  in  cornua  subcrassa  obtusa  produclis, 

centralibus  poljgonis,  in  antica  parte  rcpandis.   (II.) 
Syn. — F.  elliplicum,  Hassal.     Rabenhokst,  Flora  Europ.  Algarum,  Sect.  Ill,  p.  't1. 
Uab. — South  Oarolioa,  Georgia,  Rhode  Island,  Bailey. 
Cells  varying  in  number  and  arrangement ;  outer  cells  euddenlj  contracted  into  two  short, 

cylindrical,  obtuse  processes.     L.    1-1754"  to  1-906";  B.  1-1515"  to  1-1020". 
0,  Processes  of  the  lobes  truncatclj  emarginate.  (A.) 

P.  Ehrcnbergii,  (Corda)  Braun 

P.  ccenobio  et  orbiculari  et  oblongo  perftcte  clau&o  e  ccllulis  8  vel  16  composite  et  qnadrato 
e  cellulis  4,  late  cnneatis,  profunde  lohiti'*  eiacte  cruciatim  di'^poeitis  formato  ,  cellulis  pen 
phericia  cuneatis  a  basi  truncata  ad  apRem  nsque  concretis  profunde  bilobia  sjdu  angnsto 
lobis  saepe  oblique  truncatia  plus  miens  sinuato-excisis  ao|,ulis  mtenoribus  ad  dnplum  Ion 
gioribus,  omnibus  acutis  rel  brtsiler  appendiculatis  cellulis  centralibus  aut  singulis  lut 
pluribus  (2-5-6  v.  8),  omnibus  fla*o  viridibus  poljgonis  uno  latere  repindis  vel  profnnde 
incisis.  (R.) 

Syn, — P.  Ehrenbergii,  (Cobda,)  Bbaun.     Eabbnhoest,  Flora  Europ.  Algarum,  Sect.  III.  p.  Tl- 

Hab. — South  Carolina,  Georgia,  Florida,  Rhode  Island,  Bailey. 

Frond  minnte;  cells  eight  (seven  disposed  in  a  single  eeriea  round  a  central  one),  bilobed, 
angular.     L.  1-2900";  B.  1-2500".  (A.) 

P>  simplex,  Meyen. 

P.  cellulis  peripherieis  ovato-cuspidatis,  S-10-16  basi  tantum  concretis,  circulum  aimplicem 

constitQcntibus,  centralibus  sfepe  nuUis.   (R.) 
Syn. — P.  simplex,  Meyen.     Rabehhorst,  Flora  Europ.  Algantm,  Sect.  III.  p.  11. 

Monactinus  oclonarius,  Bailey,  Smithsonian  Contributions. 
Saft.— South  Carolina,  Rhode  Island,  Bailey. 
Var.  — d  uodenarius. 
Ccenobio  clathrato,  cellulis  peripherieis  12,  centralibus  4,  regulariter  cruciatum  dispositis.  (R.) 
Syn. — Monactinus  duodenarius,  Bailey. 
Inner  cells  four,  somewhat  triangular,  enclosing  a  central,  quadrate  vacant  interval,  and  four 

broadly  lanceolate  vacant  intervals  between  them  and  the  outer  series,  to  which  they  are 

united  by  their  terminal  angles,  outer  cells  twelve,  subovate,  tnmcate  below,  much  attennated, 

acuminate.   (A.) 

Family  VOLVOClJfE^. 

Ccenohia  mobilia,  globosa,  subglobosa  vel  quadrangnlo-tabulata,  e  cellulis  viridibas  eilia  bina 
agilia  gerentibus,  intus  vesica  duplici  contractibili  prseditis  coraposita,  membrana  (tegumento, 
chlamyde)  communi  achroa  hyalina  plus  minus  ampliata  involuta. 

Propagatio  aut  sexnalis,  monoiea  vel  dioica  (adhuc  in  panels  tantum  generibns  probata) ;  cellulis 
ctenobii  aut  omnibus  aut  quibusdam  genus  masculinnm  vel  feminnm  exhibentibus,  illis  in  fascicules 
spermatozoideorum  (autheridia),  has  in  oosporas  epispono  inclusas,  non  mobiles  commutalis,  aut 
non  sexnalis,  gonidiis  agilibns,  (et  niacrogonidiis  et  microgonidiis — etiam  zoogonidia  vocantur). 
Macro- et  microgonidra  (cellulte  primordiales)  cytioplasmatis  divisione  simultanea  et  multiplici  orta; 
priora  numero  deflnita  (2-4-8-16,  &e,),  majora  oblonga  vel  rotnndata,  polo  antico  plus  minus  rostri- 
formi  producta,  ciliis  binis  per  vesicse  mcmbranam  essertis,  puncto  (ocello  Ehrberg.  stigma)  sanguineo 
central!  vel  parietali  et  loeellis  (vacuolis)  stepe  binis  contractibili  bus  instructa;  ultima  numero  indefi- 
nita,  muUo  minora,  pallide  vel  sordide  viridia  vel  luteola,  apice  ciliis  instructa,  plerumque  jam  intra 
cellulam  matricalem  vivide  Willantia,  postea  meinbranie  ruptura  libcre  crumpentia,  examinantia.  (R.'j 
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CcenoWum  mobile,  globose,  subglobose  or  in  square  tables,  composed  of  green  cells  whieli  haye 
two  motile  cilia  and  a  double  contractile  vesicle.  Tfae  common  tegument  sun'ouiiding  the  ctenobium 
hyaline,  and  more  or  less  ampliled. 

Propagation  either  sexna!  or  non-sexual.  The  sexual  monfecious  or  dijecious;  either  all  or  some 
of  the  cells  of  the  ccenobium  exhibiting  male  and  female  characters.  The  male  cells  containing 
spermatozoids,  the  female  fiaally  converted  into  a  quiet  oospore.  Non-sexual  propagation  taking 
place  by  means  of  motile  gonidia  (both  macrogonidia  and  microgonidia,  by  some  called  zoogonidia). 
Macro-  and  miero-gonidia  arising  by  the  simultaneous  and  repeated  diyisioo  of  the  cytioplasm ;  the 
first  definite  in  number  (2-4-8-16,  &c  ),  the  larger,  oblong  or  rounded,  with  the  anterior  end  more 
or  less  rosteUate,  with  two  cilia  esserted  through  the  membrane  of  the  vesicle,  furnished  with  a  cen- 
tral or  parietal  red  spot,  and  often  with  two  contractile  vacuoles;  the  microgonidia  indefinite  in 
number,  much  the  smaller,  pale  or  dirty  green  or  luteolous,  furnisiied  at  the  apex  with  cilia,  mostly 
even  within  the  mother-cell,  moving  rapidly,  and  finally  escaping  on  the  rupture  of  the  membrane. 

GenuB  CHLAMYDOCOCCUS,  A.  Bkaun. 

Cellulfe  globosse,  vel  subgbbosfe  (4-8  in  ccenobium  fugacissimura  conjuncta;),  cytioderniate  eub- 
crasso  firmo,  cytioplasmate  granuloso,  fuseo-rubro  vel  puniceo  (in  evolutionis  gradibus  quibusdam 
iu  colorem  viridem  mutato).  Macrogonidia  2-4-8,  rotundata,  polo  antico  rostriformi  producta,  dno 
cilia  longissima  gerentia,  nucleo  centrali  rnbro,  globulis  amylaceis  4—6,  non  semper  visibilibua 
instructa,  tegumento  amplissimo  byalino  plerumque  ovoideo  vestita.  Microgonidia  multo  minora, 
nunierosa,  luteoia  vel  sordide  viridia,  apice  rubella,  ciliis  binis  instructa,  intra  tegumentum  matri- 
cali  alacriter  vacillantia,  denique  membranse  ruptura  elabentia.  (R.) 

Cells  globose,  or  snbglobose  (4-8  conjoined  in  a  very  fugitive  ccenobium),  cytioderm  thickish, 
firm,  cytioplasm  granular,  brownish-red  or  punicens,  in  certain  stages  of  evolution  changed  into 
green.  Macrogonidia  2-4-8,  rounded,  the  frond  end  bearing  very  long  cilia,  furnished  with  a 
uentra!  reddish  nuclei  and  with  four  to  six,  not  always  perceptible,  starch  granules,  clotbed  with  a 
very  ample,  hyaline,  mostly  ovoidal  tegument.  Microgonidia  much  the  smaller,  numerous,  luteolous 
ir  sordid  green,  the  apex  reddish,  furnished  with  two  cilia,  moving  actively  within  the  maternal 
'*gument,  and  at  last  escaping  by  the  rupture  of  the  membrane. 

Ch.  nivalis  (Bauer,  Aa.).  A.  Bbauh. 

Ch.  globulis,  0. 004"— 0.00135".  (R.) 

ffab. — In  nive  Eeterna,  Greenland.  Rocky  Mountains. 

Sijn. — CJi.  nivalis  (Baub,  Ag.).  A.  Beaun.     Rabenhorst,  Flora  Enrop.  Algarum,  Sect.  III. 

p.  97. 
Globules,  0.004" — 0.00135"  in  diameter. 

liemarks. — I  have  never  seen  any  good  specimens  of'  this  plant,  merely  some 
cells  mounted  in  Canada  balsam,  and  therefore  ruined  for  scientific  study,  whicli 
had  been  collected  by  Dr.  Kane  in  one  of  his  Arctic  voyages.  I  have  also  had 
some  indications  of  plants  in  a  little  parcel  sent  me  by  Mr.  Sereno  Watson,  who 
informs  me  he  has  seen  the  red  snow  very  abundant  in  the  higher  peaks  of  the 
Eocky  Mountains.  It  is  a  matter  of  presumption  rather  than  determination,  there- 
fore, that  the  species  is  identical  with  the  European. 

Genus  VOLVOX,  Eheb. 

Ccenobium  exacte  sphsricum,  continuo  rotatnm  et  agitatum,  globum  eavnra  quasi  fingens,  e  cel- 
lulis  numerosstsstmis  lequali  distantia  peripherice  dispositia,  geJatina  niatricali  connexis,  pnucto 
rubro  laterali,  locellis  (vacuolis)  binis  contractibilibas  necnon  ciliis  binis  longe  exsertis  instrnctis, 
vesica  communi  hyalina  cireumcinctis  compositum. 
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Fropaji^tio  duplex  ist,  aut  oon  sexualie  aut  sesnalis;  ilia  fit  cellulis  quibnsdara  certa  distantia 
intumeseeotibs,  multipart  it  is,  in  ccenobia  filialia  intra  ccenobium  matricale  evolutis,  postea  lihere 
erampentibus ;  hgec  ccllulis  masculis  multipartitis  iu  fasciculos  spermatozoideorum  mobilium,  coa- 
tractilium,  pyriformium,  eiliia  binis  instructorum,  postea  liberorum  eyolutia;  cellulis  femineis  intu- 
mescentibus,  non  divisis,  sed  post  ffecundationem  in  oosporaa  immobiles  episporio  duplici  circum- 
dataa  postremo  rubras  evolutis.  (B-) 

Ccenobium  exactly  spheriual,  continually  rotating  and  agitated,  looking  like  a  hollow  globe, 
composed  of  Tery  numerous  cells,  which  are  arranged  on  the  periphery  at  equal  distances,  and  are 
connected  by  the  maternal  jelly,  and  surrounded  by  a  common  hyaline  bladder ;  they  are  a!so  fur- 
nished with  a  lateral  red  point,  with  two  contractile  vacuoles,  as  well  as  two  long  esserted  cilia. 

The  propagation  is  both  sexual  and  non-sexual.  In  the  latter,  certain  distant  cells  enlarge  greatly, 
divide  into  numerous  parts,  and  evolve  within  the  parent  ccenobium  daughter- ccenobia,  which  are 
finally  set  free.  In  the  sexual  propagation  certain  molecular  cells  undergo  a  multipartite  division 
into  fasciculi  of  apermatozoids,  which  are  motile,  contractile,  pyriform,  and  furnished  with  two 
cilia;  the  feminine  cells  are  enlarged,  and  do  not  uudergo  division,  but  after  fecundation  develop  into 
immovable  oospores,  which  are  finally  red,  and  are  suiToanded  by  a  double  episporium  or  coat. 
T.  S^lobator,  (Linn.)  Ehkb. 

V.  coeoobiis  majoribus  ad  ^"',  celluHs  numerossissimis  (ad  12,000);  ceenohiis  filialibus  semper 
octo  intra  matricale  fructificatione  non  scxuali  evolutis ;  fructificatione  dioica ;  coenobiia 
masculis  fasciculos  spermatoaoideorum  numerosos  rubescentes  foventibus  (^  Sphxrosira 
volvox,  Ehrb.);  ccenobiis  femineis  cellulaa  sexuales  (oogonia)  20-40  post  fcecuodationem  in 
totidem  oosporas  globosas  rubras  episporio  hyalino  steilato  circumdatas  foventibus  (=  Vol- 
vox stellatus,  Ehrb.).  (R.) 
Syn. —  V.  globaior,  (Linn^,)  Ehrb,  Babenhobst,  Flora  Euro  p.  Algarum,  Sect.  III.  p.  9t- 
Hab. — In  stagnis.     United  States. 

Larger  ccenobium,  about  ^"  in  diameter,  composed  of  very  numerous  (about  13,000)  daughter- 
ccenobia,  always  8  within  the  maternal  one,  evolved  without  sexuality;  fructifieation  dite- 
cious;  male  ccenobium  giving  origin  to  numerons  reddish  spermatozoids  (=  SphEerospLsera 
Volvox,  Ehrb.);  female  ccenobium,  giving  origin  to  from  20-40  sexual  cells,  which,  after 
fecundation,  develop  jnto  the  same  number  of  globose  red  oospores  surrounded  by  a  steilato 
hyaline  episporium, 

Bemarhs. — Some  of  my  friends  tell  me  they  have  found  this  species  abundantly 
around  Philadelphia.  I  have  not  been  so  fortunate,  and  have  seen  but  a  few 
scattered  specimens,  which  have  afforded  no  opportunity  of  studying  their  deve- 
lopment and  life-history. 

Oeder  Zygophycese. 

Algte  aut  uni-  aut  psendomnlti-cellulares,  sine  vcgetattone  terminal!  et  ramificatione  vera.  Cellulce 
Bingnlse  aut  geminatte  aut  seriatim  conjunctte.  Multiplicatio  fit  celluiarum  divisione  in  unam  direc- 
tion em, 

Propagatio  fit  zygosporis  conjugatione  celluiarum  similium  biuarum  ortis. 

Algse  either  uni-  or  pseud  omul  ti -cellular,  without  terminal  growth  or  true  branches.  Cells  segre- 
gate or  geminate,  or  arranged  in  a  single  row.  Multiphcation  taking  place  by  a  division  of  the 
cells  in  one  direction. 

Propagation  by  zygospores,  formed  by  the  conjugation  of  two  similar  cells. 

Family  DESMIDIACILB. 

Algffi  unieellulares,  sine  ^ramificatione  vel  vegetatione  terminal!.  Cellulte  forma  admodura  varia, 
pleramqne  in  medio  plus'niinus  profunde  constricta)  et  in  duas  scmicellulas  symmetricas  i;;vi^i^\ 
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liberte  vel  in  fascias  filifcniies  ant  tteniiformes  arete  conjunctte  aut  in  mueo  matricali  nidulantes  et 
in  familias  indefinitas  consociatte.  Cjtioderma  noii  siliceum,  plus  minus  flrmum,  lieve  ant  vai'ie 
asperatum  (striatum,  costatum,  acDleatuni,  &e.).  Massa  cliloropliyllacea  ia  laminales  asiles  vel 
parietalea,  ssepe  e  centro  radiantea,  distribnta. 

Propagatio  nou  sexualia  per  divisioue  transversa  in  eand«im  directionem  vepetita  ;  aexualis  per 
8jgosporas,  quse  per  cellnlarum  Ijiuarum  coiijugatiouem  oriuntnr. 

Unicellular  algte,  witlaout  branches  or  terminal  growth.  Cells  of  very  various  forms,  mostly  more 
or  less  profoundly  constricted  in  the  middle  and  divided  into  two  symmetrica]  semiceils,  free  or  con- 
joined in  filiform  or  tteniform  fascia,  or  involved  in  the  maternal  jelly  so  as  to  form  indefinite  fami- 
lies. Cytioderm  not  siliceous,  more  or  less  firm,  smooth,  or  variously  roughened  (striate,  costate, 
aculeate,  &.c.)  Chloropliyl  masses  in  axillary  or  parietal  lamina,  which  often  radiate  from  the 
centre. 

Non-sexual  propagation  by  repeated  transverse  division  in  one  direction;  sexual  by  zygospores 
which  are  formed  by  the  coujugatiou  of  two  cells. 

EemarJoi. — Of  all  the  ftcsh-water  algee,  with  the  exception  of  the  diatoms,  this 
family  has  attracted  most  attention,  owing,  not  only  to  the  beauty  and  variety  of 
its  forms,  but  also  to  their  universal  presence  and  abundance,  and  the  ease  with 
which  their  most  wonderful  life-histories  are  observed.  They  are  exclusively,  as 
far  as  known,  denizens  of  fresh-water,  and  preferably  that  which  is  pure  and  limpid. 
Although  Mr.  Ralfs  states'  that  they  never  grow  in  stagnant  water,  I  have  often 
found  them  in  great  abundance  in  such,  yet  never  in  that  which  was  actually  putrid. 
The  same  authority  is  also  too  sweeping,  at  least  as  far  as.  this  country  is  concerned, 
in  stating  they  are  never  found  in  woods,  although  they  are  really  most  abundant 
in  the  open  country.  My  experience  has  taught  me  to  look  for  them  in  brick- 
ponds,  small  mountain  lakes,  springy  fens,  ditches,  and,  in  the  fall,  growing  among 
mosses  and  in  the  thick  jelly  composed  of  unicellular  algte  on  the  face  of  drip- 
ping rocks,  or,  to  sum  up  in  a  word,  they  dwell  in  quiet,  shallow  waters,  for  I  have 
never  found  them  in  rapidly  moving  or  very  deep  water. 

The  single  cell,  of  which  a  desmid  is  composed,  is  mostly  divided  into  two  very 
marked  similar  portions,  the  exact  counterparts  one  of  the  other,  which  by  some 
have  been  asserted  to  be  distinct  cells.  Their  close  union  and  connection,  and  their 
inherent  oneness  are,  however,  so  apparent  that  it  is  needless  here  to  spend  time 
in  demonstrating  that  they  really  are  halves  of  one  individual  cell.  They  contain 
together  all  the  parts  found  in  the  typical  vegetable  cell ;  an  outer  cellulose  wall, 
chlorophyllous  protoplasm,  a  nucleus,  starch  granules  and  semiliquid  contents. 
The  cell-wall,  or  cytioderm,  as  it  is  called  in  this  memoir,  varies  in  thickness 
and  firmness.  During  life  it  is  mostly,  if  not  always,  colorless ;  but  in  certain 
species  in  the  dead  empty  frond  is  of  a  reddish-yellow.  The  markings  upon  it  are 
various,  and  are  not  infrequently  altogether  absent ;  they  are  such  as  fine  or  coarse 
punctations,  granulations  of  various  size,  strise,  furrows  or  elevated  ribs,  tuber- 
cles, obtuse  or  sharp  simple  or  forked  spines,  hair-like  processes,  umbonations,  &c. 
&c.  These  markings  are  within  narrow  limits  constant  in  each  species,  and 
more  or  less  peculiar,  so  that  they  afford  valuable  characters  to  the  systematist. 
The  cytioderm  itself  is  mostly  composed  of  cellulose  free  from  appreciable  inor- 
ganic matters,  but  in  certain  species  contains  a  large  amount  of  silex.     Thus, 
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accoi'diug  to  De  Barry,  if  Closterinm  lunula  he  carefully  burnt  upon  a  slide,  a  per- 
fect hyaline  silex  cast  of  the  cells  is  left. 

The  chlorophyl  is  variously  placed  in  the  cell,  sometimes  it  is  arranged  in 
lamina,  sometimes  in  spirals,  sometimes  in  the  form  of  radii  from  a  central  mass. 
These  different  methods  aiford  good  generic  characters,  and  will  be  dwelt  upon 
more  in  detail  under  the  various  genera.  The  color  of  the  chlorophyl  during 
active  life  is  a  vivid  green,  which,  as  the  vital  forces  lessen,  changes  to  a  faded 
yellowish  tint. 

Niegeli  and  others  affirm  that  there  is  always  a  central  nucleus  in  the  desmid, 
and  probably  do  so  with  truth,  although  in  many  instances  I  have  found  it  impos- 
sible to  demonstrate  its  presence  from  the  size  and  opaqueness  of  the  frond, 
crowded  with  endochrome,  &c.  In  a  large  number  of  cases,  however,  it  is  very 
apparent. 

As  ordinarily  viewed  under  the  microscope  the  two  most  striking  peculiarities 
presented  by  these  little  plants  are  the  motion  of  the  whole  desmid  in  the  water 
and  the  various  movements  exhibited  within  the  fronds.  The  general  movement 
is  most  apparent  in  the  larger  species,  which  exist  free  and  distinct  in  the  water, 
especially  in  the  boat-shape  closteria.  It  mostly  consists  of  a  steady,  stately, 
slow  onward  movement,  with  sometimes  backward  oscillations.  By  virtue  of  it, 
desmids  in  a  bottle  will  often  congregate  in  such  positions  as  are  most  exposed  to 
light.  There  have  been  various  theories  advanced  as  to  the  cause  of  this  motion. 
Ehrenberg  believed  that  he  had  found  foot-like  processes  protruding  from  the  end 
of  the  frond  and  giving  the  motile  power.  Others,  such  as  Rev,  Mr.  Osborne  and 
Mr.  Jabez  Hogg,  have  attributed  the  movements  to  the  presence  of  cilia,  but  I 
think  have  failed  so  entirely  to  establish  this  that  their  views  are  more  than  pro- 
blematical. That  the  motion  is  due  to  vital  actions,  taking  place  especially  under 
the  action  of  light,  is  as  much  as  can  he  at  present  affirmed  with  any  certainty,  though 
it  is  probable  that  the  immediate  agents  are  endosmotic  currents  of  gas  or  water. 
The  movements  of  the  contents  within  the  cells  are  chiefly  of  two  kinds.  Tak- 
ing Closterium  lunula  as  an  illustrative  example,  there  will  be  found  on  ex- 
amination with  an  ^th  objective,  a  narrow,  very  transparent,  and  therefore 
often  not  very  apparent  layer  or  zone  lying  immediately  within  the  cell- 
wall,  between  it  and  the  endochrome,  and  dipping  inward  in  the  middle  of  the 
frond  so  as  to  communicate  with  the  nucleus.  In  this  zone  are  protoplasm, 
watery  fluid,  and  scattered  granules.  In  the  ends  of  the  fronds  the  different  por- 
tions of  this  zone,  meeting  and  widening,  fill  up  the  whole  of  the  cavity,  and  within 
the  space  thus  occupied  by  them,  there  is  a  globular,  sharply  defined,  still  more 
transparent  vacuole.  This,  some  have  thought  to  be  a  closed  sac,  with  a  distinct 
wall,  but  it  seems  really  to  be  a  vacuole  lying  in  the  midst  of  the  inner  protoplasm, 
which  with  a  few  granules  occupies  more  or  less  completely  the  transparent  zone 
already  described.  Sometimes  the  chlorophyl  encroaches  upon  this  zone  at  the 
ends  so  as  to  more  or  less  completely  surround  the  vacuole,  within  which  are  always 
found  watery  fluid  and  granules.  In  the  protoplasmic  zone  and  its  vacuole  active 
movements  are  probably  always  present  during  active  life.  Streams  of  protoplasm 
appear  to  be  constantly  passing  to  and  fro  between  the  nucleus  and  the  ends  of 
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the  cell  along  the  outer  zone,  and  granules  can  be  always  seen  passing  backwards 
and  forwards  with  an  unsteady  motion. 

When  the  streams  of  protoplasm  are  setting  very  actively  from  the  centre  to- 
wards one  end,  there  will  often  be  an  accumulation  of  the  protoplasm  there,  and  a 
consequent  decided  lessening  in  the  size  of  the  vacuole,  which  will  again  expand 
as  the  return  currents  arouse  themselves.  Within  the  vacuoles  are  seen  more 
or  less  numerous  smaller  or  larger  granules  in  active  busy  motion,  swarming  over 
and  about  one  another  with  an  unsteady  hurrying  to  and  fro. 

A  form  of  motioUj  similar  in  appearance  to  this,  but  probably  of  different  signi- 
ficance, is  seen  in  most  desmids  when  in  an  unhealthy  feeble  condition.  I 
have  seen  it  most  marked  in  Cosmarium  margaritaceum.  In  such  fronds  the  endo- 
chrome  has  lost  its  deep  green  color,  and  become  shrunken,  and  lying  within  it  is 
a  great  space  containing  myriads  of  minute  blackish  particles  swarming  about 
actively.  This  peculiar  state  and  appearance  is  by  no  means  confined  to  the 
desmids,  for  I  have  seen  it  very  highly  developed  both  in  species  of  Spirogi/ra  and 
(Edoffonium.  It  appears  to  be  connected  with  decay.  Is  it  possible  that  these 
minute  particles  are  foreign  to  the  plant,  vibiionic  in  nature  1 

In  regard  to  the  nature  of  the  movements  seen  within  a  healthy  dcsmid,  some 
have  viewed  them  as  exceedingly  mysterious,  the  result  of  the  presence  of 
cilia,  &c. ;  but  these  views  have  been  so  thoroughly  exploded  that  it  is  scarcely 
necessary  even  to  mention  them  here.  The  movements  are,  in  truth,  precisely 
parallel  to  the  so-called  cyclosis  of  the  higher  plants.  Protoplasmic  germinal  mat- 
ter, wherever  it  exists,  be  it  in  animal  or  vegetable,  has  as  one  of  its  distinguish- 
ing characters  the  power  of  active,  spontaneous,  apparently  causeless  movements, 
and  it  is  simply  the  carrying  out  of  this  power  or  attribute  which  has  attracted  so 
much  attention  in  the  desmids,  because  it  is  in  them  so  readily  seen. 

There  are,  in  this  family,  two  distinct  methods  in  which  the  species  are  multiplied 
one  with,  the  other  without,  the  intervention  of  anything  like  sexuality.  The 
non-sexual  method  of  increase  is  really  a  modification  of  an  ordinary  vegetative 
process,  a  peculiar  cell  multiplication  by  division.  In  such  fronds  as  those  of  the 
genus  Cosmarium,  which  arc  composed  of  two  evident  halves  connected  by  a 
longer  or  shorter  isthmus,  the  first  step  in  the  process  is  an  elongation  of  this  neck. 
In  a  very  short  time  there  appears  around  the  centre  of  this  a  constriction,  and  I 
believe  an  actual  rupture  of  the  outer  coat.  By  this  time  a  new  wall  has  formed 
inside  each  half  of  the  isthmus,  and  stretches  also  across  its  cavity,  forming  with 
its  fellow  a  double  partition  wall,  separating  the  two  halves  of  the  old  frond. 
Ilapid  growth  of  the  newly  formed  parts  now  takes  place,  the  central  ends  become 
more  and  more  bulging  as  they  enlarge,  and  in  a  little  time  two  miniature  lobules 
have  shaped  themselves  at  the  position  of  the  old  isthmus.  These  are  at  first 
small,  colorless,  and  destitute  of  all  markings,  looking,  as  Mr.  Kalfs  says,  like  con- 
densed gelatine.  They,  however,  rapidly  increase  in  size  and  firmness,  their  con- 
tents assuming  a  green  color  and  their  walls  taking  on  the  peculiar  markings  of 
the  species.  At  last,  the  parts  thus  formed  having  assumed  the  shape  and  appear- 
ance of  the  original  lobules,  the  two  fronds,  which  have  been  developed  out  of  one, 
separate,  mostly  before  the  new  s^micells  have  acquired  their  full  size. 
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What  part  the  nucleus  has  in  the  process  just  described  I  have  never  actually 
demonstrated,  but  have  little  doubt  but  that  it  undergoes  a  division  in  the  very 
commencement,  so  that  the  new  nucleus  of  each  secondary  frond  is  formed  out  of 
one-half  of  the  old  one. 

In  proportion  as  the  form  of  the  dcsmid  becomes  simpler,  so  do  the  peculiarities 
of  its  cell  multiplication  become  less.  In  those  species  which  are  simple  cylindri- 
cal cells,  there  appears  to  be  nothing  peculiar  in  the  method  of  dividing,  which, 
however,  always  takes  place  through  the  centre  of  the  cell,  and  subsequent  growth 
occurs,  generally,  only  in  the  newly  formed  pfu^t. 

True  sexual  reproduction  apparently  does  not  take  place  as  freely  in  this  family 
as  the  former  process,  for  whilst  I  have  seen  hundreds  of  cells  undergoing  the 
latter,  it  has  not  been  my  good  fortune  to  meet  with  conjugating  specimens  on 
more  than  two  or  three  occasions. 

The  process  has,  however,  been  studied  very  closely  by  De  Barj%  Braun,  Hof- 
meister,  and  others,  and  appears  to  consist  generally  in  a  rupture  of  the  outer  wall 
of  two  cells  and  the  protrusion  of  delicate  processes  from  an  inner,  often  newly 
formed  coat,  with  subsequent  union  of  these,  and  consequently  of  the  Uvo  cells, 
and  afterwards  a  condensation  of  the  contents  in  the  enlarged  connecting  passage. 
The  connecting  passage  between  the  fronds  is  really  a  sporangium  in  which  the 
spore  is  perfected,  the  contents  of  the  cells  finally  condensing  it  into  a  firm  globe 
and  secreting  around  themselves  a  thick  coat. 

The  after-history  of  this  spore  has  been  very  successfully  studied  by  M.  Ilof- 
meistcr,  whose  observations  were  made  upon  Cosmarium  ietraophlhalmum,  which 
he  watched  conjugating  and  forming  a  sort  of  resting  spore  which  was  perfected 
early  in  the  month  of  July.  This  was  composed  of  a  thick  outer  coat  and  green 
endochrome  lying  within  as  a  distinct  ball,  nowhere  in  contact  with  the  invest- 
ing membranes.  In  three  weeks'  time  this  chlorophyUous  protoplasm  had  divided 
into  ellipsoidal  masses,  or  primordial  cells,  which  soon  surrounded  themselves  with 
cellulose  walls  and  became  distinct  free  cells  in  the  granular  fluid  which  filled  the 
cavity  of  the  original  spore.  In  August,  each  of  these  masses  was  divided  into  two 
and  in  the  month  of  September  tlie  process  was  repeated,  so  that  out  of  the  original 
endochrome  eight  strongly  flattened  primordial  cells  were  produced.  Division  in 
some  specimens  ceased  here,  and  in  others  took  place  once  more,  so  that  by  the  fol- 
lowing spring  all  of  the  living  Sporangia  contained  eight  or  sixteen  green  daughter- 
cells,  each  of  them  discoid  in  outline  with  a  strongly  marked  central  notch. 
These  daughter-cells  were  finally  set  free  by  the  solution  of  the  spore  wall,  as  Cos- 
maria  of  minute  size,  but  agreeing  in  all  other  characters  with  the  specific  form  to 
which  they  belonged. 

According  to  Bra^m,  in  the  larger,  more  or  less  lunate  GJosteria,  conjugation 
occurs  in  the  following  method ;  Two  fronds  approach  one  another  in  such  a  way 
that  they  lie  back  to  back.  In  the  middle  of  each  of  them,  there  then  appears  an 
annular  Hue  or  trench  reaching  through  the  cell  wall,  and  accompanied  by  a  dis- 
tinct separation  of  the  endochrome  into  two  halves.  Whilst  these  changes  have 
been  progressing  there^  has  also  formed  a  new  double  wall  at  the  position  of  the 
trench,  so  that  out  of  the  two  GJosteria  two  pairs  of  separate  equal  cells  have  been 
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formed.  Near  to  the  larger  or  central  end  of  each  of  tliese  now  appears  a  pouting 
transparent  nipple-like  process.  The  corresponding  opposing  processes  enlarging 
and  meeting  coalesce,  so  that  the  upper  half  of  one  closterium,  in  the  form  of  a 
daughter-cell,  is  finally  united  with  the  upper  half  of  the  other  closterium,  and  the 
two  lower  halves  are  also  joined  together.  Thus  from  a  single  pair  of  fronds  arise 
two  conjugating  pairs  of  cells,  and  finally  two  sporangia,  in  each  of  which  a  spore 
is  perfected. 

This  process  does  not  seem,  however,  to  be  universal  amidst  the  Closterm,  for 
in  many,  if  not  all,  of  the  smaller  species,  a  pair  of  fironds  produces  a  single  spo- 
rangium. 

In  the  genus  Palmogloea,  in  which  I  have  had  an  opportunity  to  study  the  devel- 
opment of  the  spores,  the  process  closely  simulates  that  seen  in  certain  of  the 
Spirogyra.  The  contents  of  the  cells  first  became  broken  up  and  confused,  and 
almost  simultaneously  the  nucleus  disappeared  {fig,  4,  pi.  11)  the  cells  became 
swollen  at  one  side  and  slightly  bent  backward  so  as  to  form  jutting  processes, 
which  meeting  grew  together,  became  confluent  and  developed  into  a  sporangium 
much  larger  than  either  of  the  parent  cells.  Into  this  sporangium  the  contents  of 
the  latter  passed  and  soon  became  converted  into  a  thick-walled  spore  (fig.  00,  pi. 
00)  often  completely  filling  the  cavity,  and  apparently  with  its  wall  adherent  to  that 
of  the  latter. 

Genus  PALMOGLCEA,  Ktz.  (1843). 

Cellnlee  oblongte,  ellipticse  vel  cylindricse,  ntroque  polo  rotundatte,  medio  non  constricts,  plerumque 
in  muco  gelatinoso  nidulantes,  Hberte,  singulas  vel  in  familias  consociatte,  lamina  chlorophjllacea 
asili  ve!  oscentrica,  letate  provecta  medio  constricta,  denique  divisa  prteditie.  (R.) 
Syn. — Mewtseniuvi,  X^geli. 

Cell  oblong,  elliptical  or  cylindrical,  rouaded  at  each  end,  not  constricted  in  the  middle,  mostly 
swimming  in  a  gelatinous  mncus,  free,  single  or  associated  in  families,  chlorophyl  lamina  axillary 
or  excentric,  in  the  early  state  constricted,  and  at  length  divided  in  the  middle 

Remarks. — The  above  diagnosis  of  the  genus  is  that  given  by  Prof  Rabenhorst, 
and  agrees  essentially  with  that  of  De  Bary,  Nsegeli,  &c.  In  the  species  herein 
described  however,  the  axillary  lamina  of  chlorophyl  were  not  so  pronounced,  for 
the  green  coloring  matter  seemed  often  to  surround  the  cavity  of  the  cell,  and  in 
other  specimen  was  broken  up  and  diffused  through  it. 

P.  clepsydra,  Wood. 

P.  saxicoia  et  brjophila,  In  gelatina  achroa  interdum  dilute  viride  nidnlaaa ;  cellulia  cylindricis, 

cum  polis  obtuse  truncato-rotundatis,  diametro  2-3  plo  longioribus ;  lamina  cblorophyllacca 

axili,  plerumque  indistincte,  ssepe  nulla;  plasmate  diintfl  viride;  nncleo  plerumque  distincto; 

zygosporis  subfuscia  ant  snbgloboais  aut  enormiter  in  clepsydrte  forma;  membvana  ezterna 

enonniter  excavata  et  sulcata. 
IHwm,. — TBffTr"' 
Syn. — P.  clepsydra,  Wood,  Prodromus,  Proc.  Amer.  Philosophical  Soc.  1869. 

ffab. — In  rupibus  et  in  muscia  irroratja  ad  Chelten  Hills,  prope  Philadelphia. 
14      June,  1S72. 
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P.  living  on  rocks  and  mosses,  Bwimming  in  a  transparent,  sometimes  light-green  jelly;  cells 
obtuaeiy  truncated,  rounded  at  the  cuds,  2-3  times  longer  tliaa  broad;  chlorophyl  lamina 
axiilary,  mostly  indistinct,  often  wanting  ;  endochrome  light-green ;  nncleus  generally  distinct ; 
zygospore  eubfuscous,  either  globose  or  of  an  irregular  form,  somewhat  resembling  tbat  of  an 
hour-glass;  external  coat  irregularly  excavated  and  sulcate. 

Remarks. — This  species  was  found  along  the  North  Pennsylvania  Railroad,  near 

Chclten  Hills,  growing  amid  mosses  on  the  rocky  juttings  over  which  the  water 
was  dripping.  It  occurs  as  a  rather  firm,  transparent  jelly,  mostly  of  a  light 
greenish  tint,  in  which  the  cells  are  often  placed  quite  thickly.  They  are  cylin- 
drical, mostly  straight,  but  sometimes  slightly  curved,  and  often  completely  filled 
with  a  light  greenish  endochrome.  The  central  lamina  is  irregular,  and  mostly 
not  at  all  pronounced.  In  some  cells  the  endochrome  is  much  broken  up,  so  that 
the  interior  is  filled  with  little  green  masses  with  light  spaces  between  them.  In 
these  cells  the  nncleus  is  generally  not  perceptible,  whilst  in  the  others  it  is  very 
well  marked.  The  zygospore  is  often  globular,  sometimes  it  is  irregularly  elliptical, 
with  a  constriction  in  the  centre,  so  as  to  give  it  somewhat  of  an  hour-glass  shape. 
The- outer  coat  mostly  fits  pretty  closely  on  the  inner  contents,  and  is  very  often 
distinctly  marked  with  little  pits,  some  round,  some  irregular  in  shape;  in  other 
cases,  instead  of  being  thus  pitted,  the  spores  seem  to  be  marked  with  deep  curved 
furrows. 

Fig.  4,  pi.  11,  represents  this  plant  in  difierent  stages  of  growth.  (See  Expla- 
nation of  Plates.) 

Genus  PENIUM,  Bheb.  (1848.) 

Celluise  cylindriera  vel  fusiformes,  rectiB,  utroquo  polo  rotundatie  ve!  truncato-rotundatra  (nee  emar- 
ginatse  nee  excisse),  medio  ssepius  constrictae.  Lamina  chlorophyllaceaaxilis,  ex  transverso  conspecta 
radiatim-divergens,  radii  ssepe  furcati,  granula  amylacea  plerumqne  longitudinaliter  scriata  includens. 
Inditidua  in  aqua  libere  natantia,  singula,  sparsa  vel  in  inassa  geiatinosa  consociata.  Cellalie  nioni- 
brana  lievia  vei  granulata,  achroa  vel  fnscescens  vel  rubicunda,  sfepius  longitudinaliter  striata.  (R.) 
Syn. — Netrium,  'Njixjelt. 

Cylindrocy&tie,  Mengh. 
Closlerium,  partim,  EHRENBERa 

Celts  cylindrical  or  fusiform,  straight,  rounded  at  each  end,  or  tmncately  rounded  (not  emarginate 
or  excised),  medianly  often  constricted.  Chlorophyl  lamina  axillary,  when  seen  transversely  radi- 
ately  divergent,  arms  often  forked,  and  containing  starch  granules,  mostly  longitudinally  striate. 
Individnals  swimming  free  in  the  water,  scattered  and  single,  or  associated  in  gelatinous  masses. 
Cell  membranes  smooth  or  granulate,  transparent  or  fuscous  or  reddish,  often  longitudinally  striate. 

a.  Lamina  chlorophyllacea  peripherics  lobala  vel  radiatim  expansa. 
a.    Chlorophyl  lamina,  lobale  on  the  periphery  or  radiately  expanded. 

P.Digitus,  (Ehbb.)  Br^b. 

P.  cellulis  ovato-cylindricis,  diametro  3-5  plo  longioribas,  utroque  polo  parum  attenuatis,  sub- 

truncato-rotundatis;  laminis  chlorophyllaceis  peripherice  lobatis,  medio  intcrrnptis. 
Diam.—jlij,"  =  .00113"— yfj^"  =  .0029''. 

Syn.— P. Digitus,  (Ehbb.)  Eb£b.     KABENHOasT,  Flora  Enrop.  Algar.,  Sect.  III.  p.  118. 
Cells  ovately  cylindrical,  3-5  times  as  long  as  broad,  at  each  end  slightly  attenuate,  subtrun- 

catcly  rounded;  chlorophyl  lamina  lohate  on  the  periphery,  interrupted  in  the  middle. 
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Remarlcs. — This  species  is  probably  widely  diffused  through  the  temperate  por- 
tions of  North  America.  I  have  found  it  abundantly  near  Philadelphia,  as  well  as 
among  the  AUeghanies,  and  have  received  specimens  from  Dr.  Lewis,  collected  in 
Saco  Lake,  Northern  New  York ;  Prof.  Bailey  also  notes  it  as  occurring  in  Geoi^ia. 
There  is  one  form  of  it  which  resembles  somewhat  in  outline  the  modem  coffin, 
one  end  being  much  broader  and  much  more  rapidly  narrowed  than  the  other. 
There  is  no  distinct  vacuole  at  the  end,  at  least  in  any  specimen  I  remember  to 
have  seen,  altliongh  frequently  large  numbers  of  moving  granules  can  be  detected 
in  that  portion  of  the  frond. 

Fig.  6,  pi.  20,  represents  the  outline  of  a  frond  of  this  species. 

P.  lamellosum,  Bkeb. 

P.  cellulia  oblongo-  vel  fuBiforrai-cylindrieis,  diametro  5-6  plo  longioribus,  medio  saepe  leviter 

constrictia,  utroque  polo  magis  atteiiuatis,  obtuso  rotuadatis,  (K.) 
Ujani.— 0.0023"— 0.00 29''.   (K) 

Syn. — P.  lamellosum,  Breb.     Kabenhoest,  Flora  Europ.  Algarum,  Sect.  III.  p.  118. 
Bab. — Rhode  Island.   (Olnej)  Thwaites. 
Cells  oblong  or  fusiform  cjlindrical,  5-6  times  longer  than  broad,  often  slightly  constricted  in 

the  centre,  more  attenuate  at  the  ends,  obtusely  rounded. 

Remarhs. — I  have  never  recognized  this  species,  but  it  is  one  of  those  sent  over 
by  Mr.  Olney,  and  identified  by  Prof.  Thwaites. 

b.   Lamina  chloropht/Uacea  integerrima. 
b.    Ghlorophyl  lamina  entire. 

*  Cellulm  in  medio  plus  minus  conBtrictie. 

*  Cells  more  or  less  constricted  in  the  middle. 

P.  margaritacenm,  Ehrb. 

p.  elongato  eylindricum,  diametro  S-9  plo  longius,  medio  plerumque  leviter  constrictum,  utroque 

polo  rotundato-truncatum ;  cellulte  membrana  nodulis  seriatis  quasi  margaritacea ;    locellus 

in  medio  (circiter)  ntriusque  cruris  corpusculis  mobilibus  in  more  Closteriorum  repletus.  (R.) 
Z>i'(im.— 0.00098"— 0.0011".  (R.) 

/Tafi.—Rhode  Island.     (Olney)  Thwaites ;  Bailey.     Florida.    Bailey. 
Elongate  cylindrical,  8-9  times  longer  than  broad,  in  the  centre  generally  slightly  constricted, 

at  each  end  roundly  truncate  ;  membrane  of  the  cells  somewhat  pearly  with  seriate  granules; 

vacuole  about  in  the  centre  of  each  cms,  filled  with  moving  granules,  as  in  closterium. 

Remarhs. — I  have  not  seen  this  desmid,  but  it  is  in  Prof.  Bailey's  list;  it  was 
also  among  those  sent  by  Mr.  Olney  to  Prof.  Thwaites, 
P.  minututn,  Cleve. 

P.  eylindricum,  gracile,  diametro  5-1  plo  longius,  Iseve,  ad  polos  obtnsissimos  (latissime  rotun- 

datos)  parum  attenuatum,  medio  leviter  constrictum.  (R.)     Species  mihi  ir/nota. 
Ih'om.— 0.00044"— 0.00063".   (R.) 
Syn. — Docidium  minutum,  Ralp's  ^ritish  Desmid. 

P.  minutum,  Cleve.     Rabbhhorst,  Flora  Europ.  Algarum,  Sect,  III,  p.  12S. 
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jg-a6.— South  Carolina;  Florida.  Bailey.     Rhode  Island.   (S,  T.  Olney)  Thwaites. 
Frond  slender,  snture  not  prominent;  segments  four  to  six  times  longer  than  broad,  somewhat 
tapering,  inflation  obsolete,  sides  straight,  ends  entire ;  e.  f.  without  puncture.     L.  -jjj'' ; 
B.  T^3r"-  (Archer.) 
6.  Gellulee  in  medio  non  conslrictse. 
b.  Cells  not  constricted  in  the  middle. 
P.  interruptum,  Ereb. 

"  P.  cellulis  late  lineari-cylindrieis,  diametro  5-6  plo  longiorihns,  utroque  polo  snbito  cuneato- 
acutatis,  apicibus  obtuso-rotundatis ;  laminis  cLloropiiyllaceis  longitudinalibua  saturate  viridi- 
bus,  ECtate  provecta  fasciis  transversis  tribus  pallidis  interruptis. "  (R.)     Species  mihiignota. 
U*am.-0.001 41"— 0.00111".  (E.) 

Sun. — P.  interruptum,  BafeB.     Raeeshorst,  Flora  Europ.  Algarum,  Sect.  III.  p.  119. 
Sab. — In  fossis,  South  Carolina,  prope  GrahamSTille.     Prof.  Bailey. 

Cells  broadly  linearly  cylindrical,  5-6  times  longer  than  broad,  at  each  end  suddenly  cuneately 
sharpened,  the  apex  obtusely  rounded;  longitudinal  chlorophyl  lamina  deep  green,  in  ad- 
vanced age  interrupted  by  three  transverse  pale  fascia. 

P.  Jenncri,  Rales. 

P.  ab  P.  Brebissoaii  vis  discernendum,  cellulis  cyiindricis,  utroque  polo  rotundatls,  liBvibus,  dia- 
metro 3^-5  plo  longioribus;  zygosporis  plerumque  globosis,  membrana  fuscescente  subgraim- 
iata.  (R.)     Species  mihi  igiuAa. 

iJiam.— 0.0005 T"~0. 00 06".  (R.) 

Syn. — P.  Jenneri,  Ralfs,     Rabbnhobst,  Flora  Europ,  Algarum,  Sect.  III.  p.  120. 

Sab. — In  fosaia,  Florida.     Prof.  Bailey. 

Scarcely  distinguishable  from  P.  Brebissonii,  cells  cylindrical,  rounded  at  each  end,  smooth, 
2^5  times  longer  than  hroad  ;  zygospores  Tuostly  globose,  membrane  somewhat  fuscous,  sub- 
granulate. 

P.  Brebissonii,  {MEsaa)  Ralfs. 

P.  in  massa  mucosa  indefinite  expansa  siepe  cum  aJgis  alteris  Intermixtis;   cellulis   perfccte 
cyiindricis,  interdum  nonnihil  curvatis  sed  plerumque  rectis,  diametro  2^-4  plo  iongioribus, 
ntroque  polo  late  rotundatis,  in  medio  non  constrictis ;  "  zygosporis  angularibua  vel  rotuudatis, 
membrana  fuscente,  subtiliter  granulata." 
Diam. — j^%ji"  =  .00066". 

Syn. — P.  BrSbissonii,  (Menoh.)  Ralfs.     Raeenhoest,  Flora  Europ.  Algarum,  Sect.  III.  p. 
120. 

Sab. — In  fossis,  South  Carolina.     (Prof  Ravenel.) 

In  an  indefinitely  expanded  mucous  mass,  intermixed  with  other  algse;  cells  perfectly  cylindri- 
cal, sometimes  slightly  carved,  but  generally  straight,  at  each  end  broadly  rounded,  not  con- 
stricted in  the  middle;  "zygospores  angular  or  rounded,  membrane  fuscous,  finely  granu- 
late." 


-Among  the  numerous  desmids  whicli  1  have  received  from  Prof. 
Kavenel  are  some  which,  I  think,  must  be  referred  to  P.  Brebissomi,  although  they 
do  not  nearly  equal  the  size  of  the  European  form,  nor  even  the  diameter  given 
above,  which  is  almost  the  lowest  limit  of  the  mature  foreign  plant.  I  believe, 
however,  Prof.  Ravonel's  specimens  are  immature. 
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Mr.  Balfs'  description  of  the  conjugation  is  as  follows :  The  process  of  the  con- 
jugation in  this  species  differs  from  that  in  the  rest  of  this  genus ;  for,  as  in  Hya- 
lotheca  dissiliens,  the  conjugation  cells  enter  into  the  formation  of  the  containing, 
cell  and  are  permanently  attached  to  the  sporangium,  instead  of  being  detached, 
as  commonly  happens,  in  tlie  Desmids,  The  sporangium  is  at  first  cruciform,  then 
quadrate,  and  finally  orhicular. 
P.  clostei'ioides,  Ealfs. 

P.  cellaliB  auguste  laiiceolatis,  diametro  masimo  5-6  plo  longioribue,  a,  medio  in  apices  subtrun- 
cato-rotundatos  sensim  attenuatia  ;  lamiais  chlorophyll,  saturate  Ti rid ibus,  medio  fascia  trans- 
versa pallida  interruptis.  (R.)     Species  mild  ignota. 
Diam— 0.00159"— 0,00175".   (E.) 

Syn. — P.  closierimdei,  Kalis,     Kabeniiokbt,  Flora  Earop.  Algarum,  Sect.  III.  p.  131. 
Hah. — Prope  GrahamsTille,  South  Carolina,     Prof.  Bailey. 

Cells  narrowly  lanceolate,  5-6  times  longer  than  the  greatest  diameter,  sensibly  attenuate  from 
the  middle  into  the  aubtruncatc  apices;  chlorophjl  lamina  deep  green,  interrupted  by  a  median 
pale  band. 

Genus  CLOSTERIUM,  Nitsch. 

Cellulse  interdam  cylindricse  sed  sa^pius  fusiformes  et  utroque  polo  attenuate,  plus  minus,  lunula- 
tirn  curvatse,  in  medio  hand  constrictie  sed  stria  transversa  unica  vel  2-5  impres^se.  Cytioderma 
tenue,  sat  firmum,  Iteve  vel  pins  minus  distincte  striatum  et  interdum  longitudinahter  costatum. 
Cytioplasma  chlorophyllosa  plerumiiue  in  lamiais  longitudioalibtis  disposita,  et  sub  cellul£e  polis 
locello  achroo,  plerumque  glohoso  et  eorpusculis  plus  minus  numerobis  se  vivide  moventibus  impleto 
instraeta. 

Cells  sometimes  cylindrical,  but  more  often  fusiform  and  attenuate  at  each  end,  more  or  less 
Innately  curved,  in  the  centre  not  constricted  but  marked  with  from  1-5  transverse  stiite.     Cytioderm 
thin,  moderately  firm,  smooth  or  more  or  less  distinctly  striate,  and  sometimes  longitudinally  co&tate. 
Cblorophylloua  cytioplasm  mostly  arranged  in  longitudinal  lamina,  and  furnished  at  each  end  with  a 
clear  space,  which  is  mostly  globose,  and  contains  more  or  less  numerous  actively  moving  corpuscles. 
a.  Zygospore  globosse,  rarissime  angulares  ;  cellulee  crura  aul  non  aut  nunus  producta, 
a.  Zygospores  globose,  very  rarely  angular;  crura  of  the  cells  not  at  all,  or  only  slightly,  pro- 
duced. 
1,   OelluliB  cyli'ndricse,  ad  utrumque  polum.  vix  vel  paullum  atlenuatte,  rectie  vel  leviier  curvalee, 

apicihus  rotundatis  vel  iruncatis. 
1.   Cells  cylindrical,  not  at  all  or  hut  slightly  oltenuated  at  the  ends,   straiglU  or  slightly 
curved,  the  apex  rounded  or  truncate. 

C.  stpiolatum,  Ehrb. 

C.  anguste  lanceolato-fusiforme,  leviter  arcuatnm,  8-13  plo  fere  longios  qnam  latom,  utroque 
polo  paulum  sensimqae  attennatum,  apicibus  truncatis  siepe  fuscearentibns ;  membrana  dis- 
tinctiasime  striata,  vaeuata  fuscescente;  vesicnlis  cblorophyllacei^i  5-7  (in  quoque  crure) ; 
locello  apices  versus  sito,  submagno,  corpuscula  12-20  includente.   (R  ) 

Th'am.— g","— ^"  =  0.00152"— 0.00181".  (R,) 

Syn. — G.  striolatum,  Ehkb.     Rabenhoest,  Flora  Europ.  Algarura,  Sect  III.  p.  125, 

Hah. — In  aqnis  quietis,  Centre  County,  Pennsylvania.  Wood.  Saco  Pond,  New  Hampshire. 
(Lewis) 

Narrowly  1  an ceolately -fusiform,  slightly  bent,  8-12  times  longer  than  broad,  sensibly  attenuated 
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at  the  ends,  wliich  are  truncate  and  often  somewhat  fuscous  ;  membrane  very  distincliy  striate, 
when  empty  somewhat  fuscous;  chlorophyl  globules  5-7  (in  each  limb);  vacuole  placed  in 
the  bent  apex,  moderately  large,  including  12-20  corpuscles. 

Remarks. — The  measurements  given  are  those  of  Prof,  Rabenhorst,  Our  Ame- 
rican forms  agree  well  with  them. 

C.  ang^ustatniii,  Ktz. 

C.  gracile,  sublineare,  diametro  16-18  plo  longius,  ad  polos  levissime  attenuatum,  apicibus  late 
truneatia;  costia  longitudinalibus  paullulum  prominuHs  4-5,  interstitiis  circiter  jjff"' latis; 
vesieulis  chlorophyllaceis  in  quoque  cruro  6-1  j  locello  ab  apiee  subrenioto  mediocri,  corpus- 
culis  12-20  impleto.  (R.) 

ZJmni— tst"— b"?"  =  0.00081"— O.OOIO".   (E,) 

Syn. —  C.  angustatum,  Ktz.     Rabenhorst,  Flora  Enrop.  Algaram,  Sect.  III.  p.  120. 

Hab. — In  aquis  quietls,  prope  Philadelphia,  Pennsjlvauia.  Wood,  Rhode  Island.  Bailey. 
New  Hampshire.     (L        ) 

C.  slender,  snblinear,  16-18  tim  1  nger  than  broad,  very  slightly  attenuate  at  the  ends,  which 
are  broadly  truncate ;  with  f  n  4  5  B  m  what  prominent  longitudinal  ribs,  the  interstices 
ahont  ^Ju'"  broad;  chloroplyl  gl  bules  n  each  limb  6-Tj  Tesiclo  subrcmote  from  the  apex, 
moderate,  containing  from  1       0  co  paseles. 

C.  juncidum,  Ralfs. 

C.  eloDgatum,  anguste  lineare,  diametro  20-35  plo  longius,  Icriter  areuatum,  ntroque  polo  vix 
attenuatum ;  apicibus  truncatis ;  cytiodermate  luteolo,  iiiterdum  longitudinaliter  striato. 

Z)iowi.— jsVu"  =-0OOi". 

Syn. —  C.  juncidum,  Ralfs.     Rabenhorst,  Flora  Enrop.  Algarum,  Sect  III.  p.  127. 

Hab. — In  fossis,  South  Carolina.  (Ravenel)     In  lacu  Saeo,  New  Hampshire.   (Lewis) 

Elongate,  narrowly  linear,  20-35  longer  than  broad,  slightly  bent,  scarcely  narrowed  at  the 
ends;  apices  truncate;  cytioderm  yellowish-brown,  sometimes  longitudinally  striate. 

Bemarha. — I  am  indebted  to  Prof.  Ravenei  for  specimens  of  this  species,  by 
whom  they  were  found  on  the  slimy  surface  of  a  half  dried-up  ditch,  associated 
with  numerous  other  desmids.  The  specimens  are  all  smaller  than  the  measure- 
ments of  Rabenhorst,  but  much  larger  than  those  given  by  Mr,  Ralfs.  None  of 
the  plants  have  any  chlorophyl  granules— a  circumstance  probably  simply  depen- 
dent upon  the  stage  of  their  development.  The  longitudinal  striae  are  in  none  of 
the  specimens  very  distinct,  and  in  many  cannot  be  demonstrated. 

Since  writing  the  above  I  have  seen  specimens  collected  by  Dr.  Lewis  in  "  Saeo 
Pond,"  near  the  Crawford  House,  New  Hampshire. 

Mr,  Archer  (Pritchard's  In/us.,  p.  749)  lays  stress  upon  the  fronds  being  straight 
in  the  middle,  with  the  ends  curved  downwards;  but  I  have  seen  numerous  speci- 
mens in  which  the  curve  was  through  the  whole  length. 

Fig.  2  o,  pi.  12,  represents  one  of  the  specimens  collected  by  Prof.  Ravenei  in 
South  Carolina. 

2.   Cellulse  cylindrics^,  dorso  plus  minus  convexse,  venire  subplante,  nunquam  ventrieoso 
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2.    Cells  cylindrical,  with  the  dorsum,  more  or  less  convex,  the  belly  straigktish,  neiier  veniri- 
cosely  injiated. 

C.  liunula,  (MiJLLEK)  Ehkb. 

C  permagnum,  sublteve  (striae  anbtilissiniie  vel  indiatincte),  semilanare,  dorso  alte  convexum, 
ventre  suijplanum,  apicibas  att«nuatis  rotundatia  ;  vesiculis  cblorophjllaeeis  numeroaia  spar- 
sis;  locello  distineto  subapicali  corpuscula  numerosa  includeute.  (R.) 

i>iam,— jV"— sV'  =  0.00032"— 0.0045".  (R.) 

Syn. — C. Lunula,  (Mulleh,)  Ehkb.     Rabeshoest,  Flora  Europ.  Algarum,  Sect.  Ill,  p.  121. 

Hab. — South  Carolina,  Georgia,  Florida.  Prof.  Bailey.     Pennsjlvania.  Wood. 

Ycry  large,  smoothish  (strite  very  fine  or  indistinct),  semilunar,  dorsum  strongly  convex,  belly 

straigbtish,  the  ends  attenuate  and  rounded ;  cliloropbyl  globules  numerous,  scattered;  vesi- 

clo  distinct,  subapical,  including  numerous  corpuscles. 

C>  acerosuui}  (Sghrank)  Ehbb. 
( Var.  nov.  maximum.) 
0-  line  are- fu  si  forme,  sub-rectum  ant  leve  curvatnm,  utroque  fine  sensim  et  paullulum  atten- 
uatum,  diametro  15-34  plo  longiore;  apieibus  angustissime  trnncatis,  achrois;  merabrana 
hand  striata;  vesiculis  chlorophjllaccis  11-14  in  quoque  crure,  in  serie  asilli  simplici  coUo- 
catis;  locello  apicali  parvo,  corpuscula  numerosa  includente ;  zygosporis  globosis. 
Diam. — Transv.  max.  ,Jg(f"  =  .0011";  zygosp.  tIV  =-0027". 
Syn. — 0.  acerosum,  (Schrank)  Ehiib.     EABEHaoEST,  Flora  Europ.  Algarum,  Sect.  III.  p. 

128. 
Sab. — Pennsylvania;  Wood.     South  Carolina,  Georgia,  Florida;  Bailey. 
Linear,  fusiform,  straigbtish,  or  slightly  curved,  at  each  end  sensibly  little  by  little  attennat«, 
I5-2i  times  longer  than  broad  ;  apices  narrowly  truncate,  transparent;  membrane  not  striate; 
chlorophyl  globules  11—14  in  each  limb  placed  in  a  simple  axillary  series ;  apical  vesicle 
small,  containing  numerous  corpuscles  ;  zygospores  globose, 

Remarhs. — The  desmid,  described  above,  was  found  in  New  Jersey,  near  Cam- 
den. It  differs  from  the  typical  form  of  C.  acerosum  in  its  size,  proportionate 
length  to  breadth,  and  in  not  being  striate.  The  European  ^'■formd  major" 
(Rabenh.)  appears,  however,  to  exceed  it  in  transverse  diameter,  and,  according 
to  some  authors,  certain  fronds  of  the  species  are  not  striate,  and  all  authorities 
agree  that  at  times  the  strite  are  exceedingly  delicate.  For  these  reasons,  I  think, 
our  American  form  must  be  regarded  simply  as  a  variety.  As  far  as  can  be  judged 
from  the  rude  figure,  it  is  this  species  which  Prof.  Bailey  identifies  as  G.  tenue, 
Ktz.,  in  Silliman's  Journal  for  1841. 

Fig.  5,  and  5  a,  pi.  11,  represent  this  species  magnified  250  diameters;  5  b 
represents  the  sporangium  with  portions  of  the  dead  fertile  fronds  still  attached, 

C.  areolatum,  Wood,  (sp.  nov.) 

C.  fusiforme,  subrectum  vel  noimihil  cnrvatum,  Uteris  ventralis  medio  sajpe  paullulum  concavum, 
diametro  9-10  plo  longins,  utrinque  modtce  attenuatnm;  apieibus  truncato-rotundatis ;  mem- 
brana  crassa,  et  firma,  ruhido-brunnea,  profunde  distante  striata,  et  minutissime  sed  distineto 
granulata  vel  areolata;  suturis  medianis  distinctissimis-4-10. 

IHam.—  0,0034". 

Mab. — In  aquis  puris  quietis ;  Northumberland  Co.,  Pennsylvania. 
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Fusiform,  straightish,  or  very  slightly  curved,  the  ventral  aide  often  a  little  concave  in  the 
middle,  9-10  times  longer  than  broad,  moderately  attenuated  at  each  end;  the  apices  trun- 
cate ly  rounded ;  cell-membrane  red  dish -brown,  thick  and  firm,  distantly  profoundly  striate, 
and  very  minutely  but  distinctly  granulate  or  areolate;  median  sutures  very  distinct, 
4-10  in  number, 

Remaihs. — I  found  tliis  species  growing  in  a  quiet  pool  of  pure  water,  in  a  wild, 
deeply  wooded  ravine,  near  Danville,  Central  Pennsylvania.  It  was  in  great 
abundance,  forming  a  translucent  greenish  jelly,  one  or  two  gills  of  which  might 
have  been  readily  gathered.  Unfortunately,  1  had  no  microscope  with  me  and 
cannot,  therefore,  determine  at  all  as  to  the  arrangement  of  the  endochrome,  the 
carbolic  acid,  used  as  preservative,  having  entirely  disarranged  this  by  the  time  I 
got  the  fronds  upon  a  slide.  The  empty  frond  is  of  a  reddish-brown  color.  The 
membrane  is  quite  thick  and  firm,  and  is  marked  with  very  prominent  broad  striie 
or  grooves.  In  a  number  of  cases  I  have  counted  these  and  always  found  nine 
present  upon  one  face  of  the  frond.  There  are  also  upon  the  surface  numerous 
minute  markings  not  fairly  visible  with  a  lower  power  than  a  y^th  objective. 
Under  this  glass  they  appear  as  minute  punctations.  An  eighth  resolves  them 
into  granules  mostly  of  an  oblong  shape,  arranged  more  or  less  regularly  in  longi- 
tudinal rows.  Very  generally,  each  side  of  the  stria  or  groove  has  a  close  row  of 
larger  and  more  distinct  granules  forming  a  sort  of  border  to  it.  In  truth,  the 
surface  of  the  frond  is  covered  with  broad  longitudinal  bands  of  these  granules, 
and  the  narrow  smooth  spaces  between  them  constitute  the  stria  spoken  of.  This 
species  is  very  closely  allied  to  G.  turgidum,  Eheb.,  agreeing  pretty  well  with  it  in 
general  outline  and  size.  I  think,  however,  the  peculiar  markings  upon  the 
membrane  are  sufficient  to  separate  it,  and  do  not  doubt  that  if  fresh  specimens 
were  at  hand,  differences  would  be  found  to  exist  also  in  the  arrangement  of  the 
cell-contents.  The  turning  up  of  the  ends,  generally  so  marked  in  C.  turgidum, 
is  mostly  entirely  absent  in  this  species,  rarely  there  is  some  tendency  to  it. 

Fig.  6,  pi.  11,  represents  in  outline  a  frond  magnified  160  diameters;  Fig.  6  a, 
the  end  of  an  empty  cell,  magnified  1375  diameters;  the  color  of  this  is,  perhaps, 
a  little  too  dark. 

C.  lineatum,  Eheb. 

C.  valde  eloagatum,  gracile,  quater  vlcies-tricies  longins  quam  latum,  distincte  striatum,  e 
medio  recto  cylindrico  utrinqac  valde  attenuatum,  apices  versus  Icviter  incurvum,  ohtuso- 
truncatum;  vesiculia  chlorophyll  ace  is  in  quoque  crnre  20-21,  in  seriem  unicam  axilem  dis- 
tributis;  loeello  parvo,  ab  apice  remote,  corpusculis  10-12  impieto.  (R.) 

Diani. — 2oW'=  -0015". 

Syn. — G.  lineatum,  Eheb.     Eabenhorst,  Plora  Europ.  Algarum,  Sect.  III.  p.  130. 

Eab. — Pennsylvania,  Wood. 

Very  ranch  elougate,  slender,  distinctly  striate,  from  the  centre  straight  and  cylindrical,  at  ea«h 
end  very  greatly  attenuate,  apex  bent,  slightly  incurved,  obtusely  truncate;  cliloropliyl  glo- 
bules 20-31  in  each  limb,  placed  in  a  simple  axillary  series;  vacuole  small,  remote  from  the 
apex,  containing  from  10-12  cOrpnscles. 


Bemarlcs. — The  Arrierican  forms  agree  well  with   the  above  descripti 


ion ;   some 
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of  them,  however,  are  a  little  more  curved  in  the  central  portion  than  it  would 
imply. 

Fig.  1,  pi.  13,  is  a  drawing  of  an  American  plant,  magnified  160  diameters. 

C.  Cucuniis,  Ehrb. 

C.  oblouguiij,  turgidum,  levitcr  curvum,  lasve,  diametro  i-1  plo  longius,  apieibus  obtusis.  (R.) 
Syn. — G.  Cucumis,  Ehrenbebq,  VerbreiL  b.  28,  IV.  F.  28.     Rabenhoest,  Flora  Europ.  Alga- 
rum,  Sect.  111.  p.  138. 
Hab. — New  York ;  Ehrenberg, 
Obiong,  turgid,  slightly  curved,  smooth,  4-1  times  longer  than  broad,  the  apex  obtuse. 

Remarhs. — I  have  no  knowledge  of  this  species  other  than  that  in  the  above 
short  description,  which  has  been  copied  from  Rabenhorst's  works. 

3,    Cellulm  semilunares,  pleruvique  magis  curvatae  quam  in  Seel.  1  el  2,  ventre  semper  lumidse, 

ventricoso-infiatx. 
S.   Cells  semilunar,  mostly  more  curved  than  in  Sect.  I  and  2,  with  (he  belly  always  tumid, 

venlricosely  injlaied. 

C  Ehrenbergii,  Menqh. 

C.  fuBoideo-semiiunare,  ventre  inflato,  eeterum  ut  in  C,  Lunula.  (R.) 

Diam.—L&t.  j Jgs"  =  .0029".     Long.  ijlJ/  =  .0042." 

Syn. —  C.  Ehrenbergii,  Mengh.     Rabenhorst,  Flora  Europ.  Sect  IIL  p.  131. 

Hah. — Prope  Philadelphia. 

"Frond  large,  stout,  about  five  or  sis  times  as  long  as  broad,  luuatelycuri'ed,  estreinities  taper- 
ing; upper  margin  very  convex,  lower  concave  with  a  connpieuous  central  inflation;  ends 
broadly  rounded ;  large  granules,  numerous,  scattered ;  fillets  several ;  e,  f,  colorless,  withoot 
atriffi,  central  suture  not  evident.  Sporangia  orbicular,  smooth,  placed  between  the  but- 
slightly-colmected  empty  conjugated  fronds,  the  endochrome  during  the  process  of  conjuga- 
tion emerging  from  the  opened  apex  of  a  short  conical  extonsion  from  each  under  side  of  each 
younger  segment  (or  shorter  cone)  of  each  pair  of  recently  divided  fronds,  the  conjugating 
fronds  being  produced  immediately  previously  by  the  self-division  of  a  pair  of  old  fronds — two 
sporangia  being  thus  the  ultimate  produce  of  the  two  original  fronds.  L.  ^";  B.  5J0" 
Archer."     Pritchard's  Infusoria,  p.  748. 

Remark. — Fig.  2,  pi.  12,  represents  a  plant  of  this  species  magnified  160  dia- 
meters. 

C.  monilifernm,  (Boey)  Eheb. 

C.  semilunare,  plus  minus  curvatum,  diametro  maximo  G-9  plo  longins,  ventre  inflato,  ntroque 
polo  sensim  attenuatum,  apieibus  aciirois  obtusis,  vesiculis  ehlorophyllaceis  in  serie  uniea 
longitudinal!  axili  dispositis,  in  quoque  crure  7-10;  loceilo  apicali  submagno,  corpuscula 
nnmerosa  includentc  (corpnsculum  in  quoque  loeello  unicum  mobile  ellipsoideura,  magnitudine 
linofe  partem  millesimam  tequans,  cetera  mobilia  per  totum  corporis  distributa  observavit  cl. 
Perty.)  (R.)     Species  mihiignota. 

iKam.— 0.0019"— 0.0032".  (R.) 

Syn. — 0.  moniliferum,  Raeenhoest,  Flora  Europ.  Algarum,  Sect.  III.  p.  131. 

Bab. — Georgia ;  Rhode  Island  j  BaUey. 
15      Juno.  1872. 
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"  Frond  siimller  than  C.  Ehrenbergii,  stout,  five  or  six  times  as  long  as  broad,  iunatdj  curved, 
extremities  tapering,  upper  margin  cotivei,  lower  concaTe,  with  a  central  injlation,  ends 
rounded  ;  large  granules,  conspicuous,  in  a  siugle  longitudinal  series;  e.  f.  colorless,  withont 
strife,  suture  not  evident.  L.  ,'e" — g^".  B.  ji^" — jj^".  Archer."  Pritchard's  Infusoria, 
p.  748. 

C  LeibleiDii,  e:tz. 

C.  priore  minus,  semilunarc,  magie  incurTuro,  ventre  inflato,  ad  utrumque  polnm  largius  attenn- 
atuin,  apicibus  achroia  acutis;  vesiculis  chlorophyll,  in  quoque  crure  5-6,  in  serie  siraplici 
axillari  dispositis;  locello  niagno,  apices  versus  sito,  corpuscula  numerosa  includente.   (R-) 

JHam. — yJ^b"- 

Syn. — G.  Leibleinii,  Kutzino.     Rabenuoret,  Flora  Europ.  Algarum,  Sect.  III.  p.  132. 

Hab. — Georgia ;  Rhode  Island  ;  Bailey.     Pennsylvania ;   Wood. 

"Frond  somewhat  stout,  distance  between  the  extremities  six  or  eight  time.'j  the  breadth, 
crescent^baped,  much  curved,  rapidly  attenuated,  upper  margin  very  convex,  lower  very  con- 
cave, often  with  a  slight  central  inflation;  ends  subacute  ;  large  granules,  in  a  single  series; 
fillets  few  or  indistinct;  e.  f.  somewhat  straw-colored,  without  striae;  suture  evident  Spo- 
rangium orbicular."  Archer. 

Remarh. — Fig.  6,  pi.  12,  represents  this  plant,  magnified  260  diameters. 
4.  Gellulx  maxime  ctirvalse,  ventre  non  tumidse. 
i.   Cells  moat  curved,  the  belly  not  tumid. 

C.  Dian%,  Ehob. 

C,  anguste  fusiforme,  semilunare,  utroque  polo  valde  attenuatam,  apicibus  snbacutis ;  eyf ioder. 
mate  achroo  (vel  dilutissime  umbrino),  striis  subtihssimis  medio  interruptis  prtedito,  in  media 
parte  striis  trans versalibus  3-6;  vesiculis  in  quoque  crure  6-7,  in  serie  uoica  asili  dispositis; 
laminis  chlorophyll  ace  is  pluribus,  stepe  flesuosis;  locello  iudistiucto,  corpuseulis  pluribas 
vividc  mobilibus.  (_R.) 

Diam.—Lat  j^^"  =.00053".     Long.  ,1?^"  =  ,00082". 

St/n. — G.  Dianee,  Ehuesberq.     Rabenuorst,  Flora  Europ.  Algaram,  Sect.  Ill,  p.  133. 

JIab. — Georgia;  Florida  ;  Rhode  Island;  Bailey.     Pennsylvania;  Wood. 

Frond  crescent-shaped,  six  or  eight  times  as  long  as  broad,  much  curved,  rapidly  atlcnuated  • 
upper  margin  very  convex,  lower  very  concave  without  a  central  inflation;  ends  subacute 
with  a  very  slight  cmargination  at  the  tipper  outer  extremity ;  large  granules  ni  a  single 
series;  empty  frond,  somewhat  straw-colored,  or  faintlj  reddish,  without  strise,  suture  evident 
(A.) 

Remarles. — Mr.  Archer  marks  G.  Venus,  Ktz,,  as  a  doubtful  synonym  of  this 

species;  not  having  Prof.  Kiitzing's  work  at  hand,  I  do  not  know  whether  G. 

Venus,  Ktz.  is  really  the  following  species  or  not.     The  two  forms  liere  known  as  G. 

DiancB,  Ehrb.  apd  C.  Venus,  Ktz.  are,  however,  I  think  sufficiently  distinguished. 

Fig.  4,  pi.  12,  represents  this  species  of  desmid. 

C.  Venus,  Ktz. 

C.  parvnra,  plus  minus  gracile,  semi  circulars,  octtea-duodeciea  longiua  qnam  latnm,  in  apices 
subacutos  tequaliter  scnsimque  attcnuatum;  cytiodermate  tenui,  lasve  ;  laminis  chlorophylla- 
ceis  obliteratis ;  vesiculis  in  quoque  crure  3-i ;  locello  distiacio  corpuseulis  4-6  repleto.  (R.) 

Diam.~-.Om^'. 
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Syii. — C.  Venus,  Kutzinq.     Rabenhorst,  Flora  Earop.  Algarum,  Sect.  III.  p,  134. 

Sab. — Soutli  Caroiiiia.   (Ravenel.) 

Small,  more  or  less  slender,  semicircular,  eight  to  twelve  times  longer  than  broad,  equally  and 
very  perceptibly  atteNuate  at  both  apices;  cytioderm  thiu,  smooth;  chlorophyll oiis  lamina 
obliterated;  vesicles  in  eaeh  cms  3-4;  vacuole  distinct,  containing  4—6  corpuscles. 

Remark. — Fig,  7,  pi.  11,  represents  in  outline  a  frond  magnified  450  diameters. 

C.  parTuliini,  ^TiEo. 

C.  parvum,  semicirculare,  medio  non  tumidum,  gracile,  anguste  lanceolatnm,  sexies-octies  lon- 
gius  quam  latum,  apiciJjus  acutis ;  cytiodcrniate  tenui,  lievissimo,  vacuato  nonnunquam  luleolo- 
fuseeseente  ct  subtiliter  striato ;  vesiculis  uniseriatis,  in  quoque  crure  2-4,  varius  1—7  ;  laminia 
chlorophyll  ace  is  4-5.  (R.). 

I>ia?M.— Max.  0.00026"— .00063"  (R.)     (.0008"  W.) 

Syn. — G.  parvulum,  N^ffiGELi.     Babenuorst,  Flora  Europ.  Algarum,  Sect.  III.  p.  134. 

Bab. — Prope  Philadelphia,  Wood. 

Small,  semicircular,  not  swollen  in  the  middle,  slender,  narrowly  lanceolate,  six  to  eight  limea 
longer  than  broad,  with  the  apices  acute;  cylioderm  thin,  very  smooth,  when  empty  some- 
what jellowish-fuscoua  and  finely  striate;  vesicles  uuiseriate,  in  each  erus  2-4,  rarely  1-7; 
chlorophyllous  lamina  4-5. 

Remarhs. — I  have  referred  to  this  species  a  desmid  which  1  have  found  about 
Philadelphia,  and  which  agrees  in  all  respects  with  the  description  of  Prof.  Ilaben- 
horst  except  in  attaining  a  larger  size. 

!Fig.  5,  pi.  12,  represents  this  plant  magnified  450  diameters. 

C  Jennerii,  Ralfs 

C.  eylindiacco  fusifornie,  semilunare,  !s3ve,  ntrinque  modice  attennatom,  sexiea-octies  longius 

quam  latum   apicibus  obtuse  rotundatis;  vesiculis  in  quoque  crure  5—7,  in  serie  unica  axili 

dispositis,    laminis  chlorophyllaceis  2-3;    loeello  subtequaii  magoo,  corpnsculia  uumerosis 

impleto    (R  ) 
Diam.— 0.00057".  (K.) 

Syn. — C.  Jennerii,  Ralfs.     Rabenhorst,  Flora  Europ.  Algarum,  Sect.  III.  p.  134. 
Bab. — Rhode  Island,  Bailey. 
Frond  small,  distance  between  the  extremities  six  or  seven  times  the  breadth,  crescent-shaped, 

much  curved,  gradually  tapering  (sometimes  with  an   obscure  central  constriction);  upper 

margin  very  convex,  lower  very  concave  without  a  central  inflation  ;  ends  obtuse,  rounded ; 

large  granules  in  a  single  scries;  e.  f.  colorless  without  striie.      L.  jly".     B.  173,3".    Archer. 

Pritchard's  Infusoria. 

b.  Zijgosporee  plerumque  quadrangular es,  cellularuvi    crura   longe  vel  longisaime  producta, 

seepe  seliformia. 
b.  Zygospores  mostly  quadrangular,  crura  of  the  cells  greatly  produced,  often  seliform. 

C.  rostratuin.  Ehkr. 

C,  corpore  Ian  ceo  lato-fusi  form  i,  utrinqne  valde  et  longe  attenuato,  leviter  curvato,  striato ;  cor- 
nibus  setaceis  singulis  corpus  vix  a;quantibue,  s^pius  longe  brevioribus ;  cytiodermate  dilute 
umbrino  vel  Inteolo,  dense  striato ;  vesiculis  uniseriatis,  in  quoque  crure  5-6 ;  loeello  oblongo, 
Bsepius  indistincto,  corpusculis  \%-i.^  vivide  se  moveotibus.   (R.) 
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Zdam.— 0.0008''.     (O,0009"-0.O016."  R.) 

Syn.—  G.  rostratum,  EiiitENBERO.     Rabenjiorst,  Flora  Europ,  Algarum,  Sect.  III.  p.  135. 

Sab In  fossis,  prope  Philadelphia ;  Wood. 

Body  lanceolate-fusiform,  at  each  end  greatly  and  for  a  long  distance  attenuated,  slightly  curved, 
striate;  crura  setaceous  and  scarcely  aa  long  as  the  body  and  sometimes  much  shorter;  cytio- 
dcrm  light  or  luteolous,  densely  striate,  vesicles  uniseriate,  5-6  in  each  cms  ;  vacuoles  oblong, 
often  indistinct,  containing  from  12-15  actively  moving  granules. 

Bemarh. — Fig.  3,  pi.  12,  is  a  drawing  of  this  species,  magnified  260  diameters. 

C.  setaceum,  F^srb. 

C.  corpore  anguste  lanceolate,  recto  vel  subrecto,  distincte  striate,  utrlnque  in  rostrum  setaceum, 
levissirae  incurvum,  obtnsmn,  longissime  porrecto ;  singulo  rostro  corpore  3-4  plo  longiore ; 
et  vesiculis  et  locello  indlstinctis.  (B.) 
IHam.—MB.x.  (plerumquc)  0.0004"— 0.00044."  (R.) 
Syn. — G.  selaceum,  EiiaESBEBa,  Flora  Europ.  Algarum,  Sect.  III.  p.  136. 

Bab. Stonington.  (Lewis)     Pennsylvania;  "Wood.     Georgia;   Florida;    Providence,  Rhode 

Island ;  Bailey, 

Frond  very  slender,  ^rom  twenty  to  twenty-five  times  as  long  aa  broad,  narrow-lanveolate ; 
upper  and  lower  margins  nearly  equally  and  hut  slightly  convex;  each  extremity  tapering 
into  a  very  long  and  slender  setaceous  colorless  beak,  longer  than  the  body,  ultimately  curved 
downwards,  ends  obtuse;  e.  f.  colorless,  slrix close,  faint,  central  suture  so War^.  Sporangium 
cruciform,     L.  j{s".     B.  ag'^x"-  Archer.     Pritehard's  Infusoria. 

CAmblyonenia,  Ehrb. 

C.  filiforme,  cylindricum,  Iseve,  utroque  fine  parum  attenuatiim,  apice  rotundum.  (R.) 

Syn. C.  lineatum,  Ehrb.     Bailey,  American  Journal  of  Science  and  Arts,  1841,  p.  303. 

G.  Amblyonema,  Eheb.     Ycrbrcit.  p.  123.     Rabenhoest,  Flora  Europ.  Algarum,  Sect. 
III.  p.  138, 

ffab. West  Point,  New  York ;  Providence,  Riiode  Island,  Bailey, 

Filiform,  cylindrical,  smooth,  gradually  attenuated  at  each  end ;  the  apes  rounded. 

Bemarhs. — I  have  never  recognized  a  specimen  of  this  species,  nor  have  I  had 
access  to  the  original  description  of  Ehrenberg. 

Genus  TETMEMORUS. 

Cellulffi  eylindricfe  vel  fusiformes,  reet^,  medio  distincte  constrictse,  utroque  polo  anguste  incisse 
cytioderma  sat  firmum,  plerumque  granulatum  vel  punctatura. 

Cells  cylindrical  or  fusiform,  straight,  distinctly  constricted  in  the  middle,  narrowly  incised  at 
each  end.     Cytioderm  firm,  mostly  punctate  or  granulate. 

T.  Brebissonii,  (Mengh.)  Ralfs. 

T.  diametro  4-6  plo  longior ;  a  frontc  cylindriens,  utroqno  polo  non  atfenuatns  sed  rotnndato- 
trnncatus  ;  a  latere  fusiform  is  et  a  medio  in  apices  rotnndatos  sensim  attenuatus;  cytiodermate 
striato  -  p  u  u  c  tato. 
Diam. — -jj^^"  =  .0016", 
Syn. — T.  Brebissoni^,  Menoheini,  Rabenoorst,  Flora  Europ.  Algarum,  Sect.  III.  p.  139. 
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BcA. — In  fossis,  Atlantic  States. 

Four  to  six  timcB  longer  than  broad;  from  the  front  cylindrical,  not  attenuate  at  the  truneately 
rounded  ends  ;  viewed  laterally  fusiform,  attenuated  from  the  middle  to  the  rounded  ends  ; 
cytioderm  striately  punctate. 


—The  central  constriction  is  more  apparent  in  the  lateral  than  front 
view.  When  the  frond  is  full  of  endochrome  the  puiictse  on  the  outer  wall  are 
not  apparent,  but  when  it  is  empty  they  are  seen  to  be  small,  and  closely  arranged 
in  stria-like  rows.  This  species  extends  through  all  the  Atlantic  sea-board  States. 
Prof.  Bailey  has  found  it  in  South  Carolina  and  Florida,  as  well  as  in  Rhode  Island, 
I  have  collected  it  in  Centre  County,  of  this  State. 

Fig.  3,  pi.  21,  represents  an  empty  half  frond  of  this  species ;  3  a  the  outline  of 
the  frond. 

T.  granulatus,  (Bbeb.)  Ralfs. 

T.  habitu  Tetm.  Brehissotiii,  sed  major  et  cytiodermate  iiregnlariter  granulato-pnnctato.   (R.) 

IHam.,—y\^"  =  Mn".  (.00155".  R.) 

Syn. — T.  granulalua,  (Brebisson,)  Ralfs.     Rabenhokst,  Flora  Europ.  Algarum,  Sect.  III. 

p.  140. 
ifaii.— Prope  Philadelphia;  Wood.     Rhode  Island;  (S.  T.  Olney.)  Thwaites.     South  Caro- 
lina ;  Bailey. 
Froud  somewhat  longer  than  T.  Brebissonii,  abont  five  or  six  times  longer  than  broad  ;  in  both 
f.  V.  and  s.  v.  fusiform,  the  constriction  a  very  shallow  groove,  ends  with  a  hyaiine  iiivlike 
projection  extending  beyond  the  notch ;  endochrome  with  a  longitudinal  series  of   largo 
granules;  e.  f.  punctate,  the  puncta  scattered,  except  near  the  constriction;  where  they  ai-c 
disposed  in  two  transverse  rows.     Sporangium  orbicular,  smooth,  margin  finely  striated,  placed 
between  the  deciduous  empty  fronds.     L.  yj/'.     B.  jJs".  Archer.     Pritchard's  Infunoria. 

Remark. — Fig.  8,  pi.  12,  represents  this  species  magnified  450  diameters. 

T.  giganteus,  Wood. 

T.  maximus,  oblongus,  diametro  3  plo  longior ;  apicibus  baud  attenuatis,  late  rotundatis ;  sutaris 
profundis,  linearibua;  cytiodermate  irregulariter  grannlato-puuctato. 

Diam.—^l^"  =  ,0031". 

Syn. —  T.  giganteus,  Wood.     Proc.  Acad.  Nat.  Sci.,  1869. 

Sab. — In  stagnis,  Centre  County,  Pennsylvania. 

Very  large,  oblong.  3  times  longer  than  broad  ;  with  the  ends  not  attenuate  but  broadly  rounded  ; 
suture  profound,  linear;  cytioderm  irregularly  granulately  punctate. 

Remarks. — I  found  this  beautiful  desmid  in  a  stagnant  pool  in  Bear  Meadows, 
Centre  County,  in  the  month  of  August.  It  is  very  different  in  its  outline  from 
its  nearest  ally,  T.  granulatus.  The  diameter  is  preserved  uniform  until  near  the 
end,  where  there  is  an  alteration  in  the  line  of  the  margin,  so  as  to  cause 
some  contraction,  which  is,  however,  wanting  in  some  specimens.  The  ends  are 
therefore  broad  and  obtuse.     The  size  is  also  double  that  of  T.  granujatus. 

Fig.  7,  pi.  12,  represents  a  frond  of  this  species  magnified  260  diameters. 
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T.  levis,  CKuxz,)  Ralfs. 

T.  Br^bissonii  formis  sirailis  sed  paryior,  3-4  plo  loiigior  quam  latus  ;  cyfiodermate  plerumque 

levissimo,  interdum  indistinctissinie  punctato. 
IHam.—T^T/'  =  .00066". 

Syn.—  T.  levis,  Kutzing.  Ralfs.     Uabenhoust,  Flora  Europ.  Algarura,  Sect.  III.  p.  liO. 
Bab. — In  aquia  quietis,  prope  Philadelphia. 
Similar  in  form  to  T.  Br^bissonii,  but  smaller,  3-4  times  longer  than  broad  ;  eytioderm  mostly 

Tcry  smooth,  sometimes  indistinctly  punctate. 

Memarks.—Trol  Rabenhorst  states  that  the  eytioderm  of  this  species  is  very 
smooth,  and  Mr.  Ralfs  says  that  he  has  failed  to  detect  any  punctations,  but  also 
states  that  "  Mr.  Jenner  and  Mr.  Ross  assure  me  that  they  (punctEe)  are  scattered 
as  in  T.  gmnidatus."  I  have  no  doubt  of  their  existence  in  certain  individuals, 
whilst  in  other  cases  they  appear  to  be  absent. 

Genus  PLEUEOT^NIUM,  Njegeu  (1849). 

CelluliE  Bingulffi  in  aqna  natantes,  rectee  vel  Bubrcetffi,  cylindricje  vel  fusiformea,  yalde  elongatte, 
Btroque  polo  rotundatffi  vel  truncatse,  medio  leviter  constrietEe,  ex  transverso  circttlares.  Cytio- 
plasma  chlorophyllaceum  in  laminis  longitudinalibus  pluribus  dispositum,  et  sub  ntroque  polo  locello 
rotuiidato  corpusculis  se  vivide  moventibus  impJeto  iiistructam. 

Cells  single,  swimming  in  water,  straight  or  nearly  so,  cylindrical  or  fusiform,  very  much  elongate, 
roanded  or  truncate  at  each  end,  in  the  end  view  with  a  circular  outline.  Chlorophyllous  protoplasm 
arranged  in  longitudinal  laminiB  and  furnished  at  each  end  with  a  round  vacuole  containing  actively 
moving  corpuscles. 

Remarhs. — This  genus  appears  to  include  the  main  portion  of  the  species,  which 
have  been  described  under  the  name  of  Docidium  ;  the  remainder  being  represen- 
tatives of  a  number  of  genera.  I  have  not  had  access  to  the  original  description 
of  Doddium,  and  do  not  know  in  what  year  it  was  published ;  but,  according  to 
De  Bary,  Docidium  is  much  the  older  name  ("Ueber  de  Conjugat.,"  p.  75).  M. 
De  Bary  states,  however,  that  he  prefers  the  name  of  Nsegeli,  because  that  autho- 
rity first  defined  the  genus  and'  his  name  expresses  very  clearly  the  character 
of  it,  as  well  as  from  the  circumstance  that  the  name  Docidium  having  been 
made  to  cover  a  heterogeneous  mass  of  species,  its  retention  might  cause  confu- 
sion. I  confess  to  thinking  that  this  action  of  De  Bary  is  not  in  accordance  with 
the  recognized  laws  of  priority,  but,  in  the  absence  of  the  original  description, 
have  thought  best  to  follow  it. 
P.  trabecula,  (EmiB.)  N^gkli. 

P.  Bfepe  valdc  elongatum,  octies  vicies-longius  quam  latum,  eyiindraceura,  ntroque  fine  l^vissirae 
attenuatum  aut  inerassatum,  jnxta  medium  constrictum  ssepius  bigibbum  (quasi  biundatum), 
apicibus  late  truncatnm  ;  cytiodermate  tenui  Itevi,  achroo.   (R.) 
Diam.— 7J/  =  .0013". 

Syn.—"  Docidium  Ehrenbergii.  Ralfs."   Bailey,  Microscopical  Observations.    Smithsonian 
Contributions. 
Pleuroteenium  trabecula,  (Ehr.)    N^GELL    Rabenhokst,  FloraEurop.  Algarum,  Scjt. 
III.  p.  141.  , 
JJab. — South  Carolina,  Georgia,  Florida ;  Bailey.     Pennsyhania  ;  Wood. 
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iDocidium  Ehrenbergii.  Ralib.)  Frond  slender,  linear;  suture  forming  a  very  sharply 
defined  rim ;  segmenls  8-12  times  longer  than  broad,  basal  inflation  having  another  snialler 
one  above  it,  sides  otherwise  straight,  parallel ;  ends  erenate,  owing  to  a  number  of  emargina- 
tions  on  the  edge  of  the  truncate  extremities,  from  three  to  five  of  the  crenationa  being 
usually  visible;  e.  f.  punctate  or  rough  with  minute  granules.  Sporangium  suborbicular  or 
elliptic,  or  slightly  angular,  smooth,  placed  between  the  deciduous  empty  fronds.  Ciliated 
zoospores  formed  by  segmentation  of  the  cell  contents,  and  their  emission  effected  through 
the  opened  apex  of  each  one,  two  or  three,  especially,  formed  lateral  tubes  arising  from  be- 
neath the  base  of  one  of  the  segments.     Archer, 


Rcmarhs. — This  species  is  quite  common  around  Philadelphia ;  but  I  do  not 
remember  ever  to  have  seen  one  with  the  cell-wall  granulate.  The  smaller  of  the 
two  umbonationa  near  the  centre  is  often  wanting  or  exceedingly  small,  and  the 
crenulations  in  the  ends  are  very  often  obsolete. 

Fig.  9,  pi.  12,  represents  a  cell  of  this  species  magnified  160  diameters. 

P.Baculuin,  (Br£b.j  De  Bary. 

P.  priori  simile,  sed  graciiius,  angnstins  et  plerumque  longius,  medio  tantum  semel  constrietum  ; 
cytiodermate  Isevi.   (R.)     Species  mihi  ignola. 

Z>iamw— 0.00054"— 0.0009".  (R.) 

Syn. P.Baculum,  (Bu-tB.)  DeEaby.  Rauenhokst,  Flora  Europ.  Algarum,  Sect.  III.  p.  141, 

Hab. — Georgia  ;  Bailey. 

Frond  slender,  suture  not  prominent;  segments  very  many  times  longer  than  broad,  basal  in- 
flation very  conspicuous,  solitary,  sides  otherwise  straight,  very  nearly  parallel,  large  gran- 
nies of  the  endoehrome  in  a  single  series  ;  ends  entire ;  e.  f.  without  puncta.     L.  j\j".     B. 

Tff37   ■ 

p.  brere,  "Wood. 

P,  robustnm,  diametro  4-8  plo  longius,  in  medio  distincte  constrietum  aed  baud  undulatum, 
utroque  polo  nonnihil  attenuatura ;  apicibus  truncatis  et  nonnibil  rotandatis ;  cytiodermate 
crassissimo,  dense  granulato-punctato ;  marginibus  ve!  reetis,  vel  breve  undulatis. 
Diam.— .0038"— .00095". 

Syn. — P.  breve,  Wood.     Proc.  Acad.  Xat.  Sciences,  18G9. 
Hab. — District  of  Columbia.   (Billings.) 

Robast,  4-8  times  longer  than  broad,  distinctly  constricted  but  not  undulated  in  the  middle, 

slightly  attenuated  towards  the  ends;  apex  truncate  and  somewhat  rounded  ;   cytioderm  very 

thick,  densely  minutely  granulate  ;  margins  either  straight  or  shortly  undulate. 

Remarks. — This  species  was  sent  to  me  by  Dr.  Billings,  who  obtained  it  near 

Washington,  D.  C.  The  margins  are  sometimes  straightish,  but  in  other  fronds  there 

are  three  or  more  distinct  short  undulations,  or  rounded  projections  in  each  half 

margin.     The  cell-wall  is  excessively  thick,  especially  at  the  end — in  many  cases 

much  thicker  than  the  drawing. 

Fig.  2,  pi.  21,  represents  an  empty  frond  of  this  plant  magnified  750  diameters. 

P.  creDuIatum,  (Eqrb.)  Rabeshohst. 

P.  robnstum,  cylindraceo-subclavatum,  octies-dnodecies  longius  qnam  latum,  medio  undnlato- 
nodulosum,  stricturte  medias  margine  tumido,  apicibus  late  truncatis,  aJtero  sa-pe  crcnulato ; 
cytiodermate  granulato-punctato.   (R.)     Specie/i  mihi  iynoia. 

Z)iam.— 0.0023".    (R.) 

Syn. — P.  crenulatum,  (Eheb.)  Rabenhorst,  Flora  Europ.  Algarum,  Sect,  HI.  p.  142. 
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Bocidium  nodulosum,  Br^b.  Ralfs.     British  Desmidife,  p.  155. 
Closlerium  trabecula,  Bailey.     American  Journal  of  Science,  18il. 

Sab. — In  aqais  quietis,  Soatli  Carolina ;  Georgia ;  Florida ;  Rhode  Island  ;  BaUej.  PDnnsyl- 
vania ;  New  Jersey  ;  Wood. 

(Docidium  nodulosum)  Frond  very  stoat,  the  thickened  sutures  forming  a  projecting  rim; 
segments  four  to  iis.  timea  as  long  as  broad  icarcelj  attenuated,  regularly  inflated  at  intervals 
BO  as  to  form  an  undulated  margin  the  basal  inflation  the  most  prominent,  the  others,  as  they 
approach  the  ends  leas  so  where  they  are  indiotint-t  or  wanting;  ends  entire;  e.  f.  coarsely 
punctate      L    ^5"     B  jjj'     Archer      P rit chard 's  Jn/usorm. 

Remarks. — I  have  found  this  species  in  "  Shepherd's  Mill  Pond,"  near  Greenwich, 
Cumberland  County,  New  Jersey,  and  also  in  a  Spring  in  the  Philadelphia  Park, 
near  Columbia  bridge, 

Pig.  1,  pi.  21,  represents  the  outline  of  a  frond  of  this  species  magnified  160 
diameters, 
P.  claratum,  (Ktz.)  De  Baey. 

P.  subeylindraeeum,  multoties  (16-24)  longius  quam  latum,  ad  utrumque  polum  sensim  incras- 
satum,  subclavatum,  apicibus  late  truncatia ;  cy  tiodermate  firmo  achroo,  dense  et  iwegulariter 
granulato-punctato.  (R.)     Species  mihi  ignoia. 

Diam.—M&s..  0,00165"— 0.00141";  min.  =  0.0010"— 0.00092".  (R.) 

Syn. — P.  clavalum,  (Ktz.)  De  Bary.  Rabeniiorst,  Flora  Europ.  Algarum,  Sect.  III.  p.  141, 
Doddium.  clavatum,  Klttzino.  Ralfs,  British  Desmidife.  Archer.  Pritchard'a/n/usorja. 

Hah. — South  Carolina  ;  Georgia  ;  Bailey. 

Frond  sleuder,  suture  scarcely  prominent,  segments  eight  to  ten  timea  as  long  as  broad,  slightly 
clavate  near  the  ends,  and  ultimately  somewhat  attenuated,  basal  inflation  sometimes  solitary, 
sometimes  having  another  slight  one  aboye  it;  ends  entire;  e.  f.  puoetute,  L.  ^^".  B.  ■^\^". 
P.  undulatnm,  (Bailey.) 

D.  Iseve,  gracile  cylindri cum,  undulatnm,  latitudine  18-20  plo  longius,  medio  modicc  constrictum- 
cruribus  et  basi  et  apice  truneatis  et  erenatis.  (R.)     Species  mihi  ignota. 

Syn. — Docidium  undulatum,  Bailey.     Micros.  Observ.  p.  36. 

Edb. — Florida,  Bailey. 

"  Segments  eight  to  ten  times  longer  than  broad,  constricted  six  to  eight  times  at  regular  intervals 
throughout  their  entire  length,  with  the  base  and  ends  crenate,  smaller  than  D.  nodulosum, 
BaiiB.,  with  more  frequent  and  deeper  constrictions.  The  same  characters  distinguish  it  from 
D.  nodosum  and  D.  constrictum." 

P.  nodosum,  (Bailey.) 

D.  Talidissimum,  undulatum,  spinulis  eparsis  hirsntum,  medio  valde  constrictum,  diaraetro  8-10 
plo  longius;  cruribus  e  basi  dilatata  Icviter  attenuatis  4-undatis,  apicibus  quasi  produclis, 
latiasime  truneatis;  locello  apicali  rations  parvo,  rotundo,  eorpusculis  panels  (ut  videtur) 
repleto.  (R.)     (Species  mihi  ignoia.) 

Syn.— Docidium  nodosum,  Bailey.  Micr.  Observ.,  pi.  1,  fig.  4.  Ralfs,  British  Desmids, 
p    218. 

Hab. — United  States  ;  Bailey. 

"Frond  stout;  segments  with  four  prominent  nodes  separated  by  constrictions;  end  view 
crenate.  An  end  view  shows  that  each  node  is  not  a  simple  swelling,  but  really  formed  by 
whorls  of  tubercles.  'This  species  is  easily  recognized  by  the  deep  indentations  in  its  out- 
liue,  corresponding  to  the  constrictions  which  separate  the  transverse  rows  of  kaob-like  pro- 
jections.    It  is  one  of  the  largest  species  in  the  genus,'  Baiiey."  Ralfs. 
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P.  constrictum,  (Bailet) 

D.  subvalidum,  Iffive,  latitudine  10-12  p!o  longius,  medio  valde  constrictum,  strictura  margine 
non  prominente ;  cruribus  a  basi  tumida  in  apicem  late  truncatum  non  attenuatis,  4  undu- 
latis.  (R.)  (^Species  mihiignota.) 

S>/n. — Docidium  constrictum,  Bailet.     Rai.fs,  British  Desmids,  p.  218. 

Sab. — Rhode  Island,  Bailey. 

"  Frond  stout,  segments  with  moderately  deep  constrictions,  which  separate  four  equal,  gently 
curving  prominences ;  end  view  entire.    '  Thia  species  is  at  once  distinguished  from  D.  nodosum 
by  the  cross  section  of  the  nodes  being  a  simple  circle  instead  of  aa  indented  one,'  Bailey." 
Ralfs. 
P.  Terrucosum,  (Bailet) 

D.  vaiidum,  grandoso-verrucosum,  latitudine  10-12  plo  longius,  undalatum,  apicibus  integris 
truncatis.  (R.)     {Species  mihi  ignola.) 

Syn — Cosmarium  verrucosum,  Bailet,  Amer.  Journ.  Sci.  and  Arts,  1846. 

Docidium.  verrucosum,  Ralfs,  Brit.  Desm.  p.  21S.     Bailey,  Micr.  Observ.  p.  28. 

Hab. — Rhode  Island;  Bailey. 

"Segments,  with  numerous  whorls  of  small  prominences,  which  give  the  margins  an  undulated 
appearance,  al!  the  undulations  are  equal.  '  This  is  a  very  pretty  species  with  a  waved  out- 
line, caused  by  the  slight  projections,  which  are  arranged  in  numerous  transverse  rings,' 
Bailey."  Ralfs, 

P.  hirsutum,  (Bailet) 

D.  spinuloso-hirsutum,  medio  valde  conBtrictum,  diametro  10-13  plo  longins;  crnribus  et  basi 
et  apice  sutidilatatis,  truncatis.  (R.)  (Species  mikiignota.') 

Syn. — Docidium  kirsutum,  Bailey,  Micr.  Observ.  p.  36. 

^afi.—FIorida;  Bailey. 

"Segments  many  times  longer  than  broad,  slightly  inflated  at  the  base,  surface  hirsute.  A 
small  species  resembling  D.  Ehrenbergii  in  its  form,  hut  strongly  hirsute  on  its  outer  sur- 
face." Bailey. 

Genus  TRIPLOCEKAS,  Bailet. 

Cellulffi  singulte,  rectfe,  valde  elongatse,  processus  magnorum  seriebus  transverais  armatie,  utroqne 
polo  trilobatte,  lobis  acute  bidentatis. 

Syn. — rnpfoeeras,  Bailey,  Microscopical  Observations,  p.  37,  Smithsonian  Contributions,  1850. 

Cells  single,  straight,  very  much  elongate,  armed  with  transverse  series  of  large  processes,  trilo- 
bate at  each  end,  lobes  acutely  bidentate. 

X.  Terticillatuili,  Bailey. 

T.  cellalis  subeylindricis,  sed  utroqne  fine  leviter  angustatis  et  nonnihil  fusiformibns,  modice 
robustis,  diametro  12-20  plo  longioribus;    processibus  lateralibus   robustis,  magnis,  apice 
emarginatis. 
Diam. — Cnm  process.  j\^"  =  .00146";  sine  process.  tsVW  =-00113". 
Syn. — T.  verticiUatumiBAiLET.    Microscopic  Observations.    Smithsonian  Contributions,  1850. 
Docidium  verlicillatum,  Ralfs,  British  Desmids,  p.  218. 

PUurottenium  verticillatum,  Rabenhorst,  Flora  Enrop.  Algar.,  Sect,  III.  p.  148. 

Hah. — Rhode  Island,  New  Jersey,  Georgia,  Florida ;  Bailey.     Saco  Lake,  (Dr.  Lewis)  Wood. 

Subcylindrical,  bnt  slightly  narrowed  at  each  end,  and  therefore  somewhat  fusiform,  moderately 

robust,  12-20  times  longer  than  Jiroad;  lateral  processes  large,  robust,  with  their  apices 

emarginate. 

16      June,  1873, 
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T.  gracille,  Bailey. 

T.  uellulis  Bubcylindricia,  ulroqne  flue  vix  angustatis,  gracUlimia,  dkmctro  25-30  plo  longi- 

oribas ;  processibua  lateralibua  brevibus,  conids. 
I>iam. — Cum  process.  7555"  =  .008"  ;  sine  proe.  x^firir"  =  .0006". 
Syn — T.  gracille,  Bailey,  Smithsonian  Contribntiona. 

Docidium  prisHdie,  Hobson,  Magazine  Natural  History,  t.  p,  168. 
Pleurotmnium  yradle,  Rabenhorst,  Flora  Europ.  Algar.,  Sect.  III.  p.  144. 
Bab. — lu  iisdem  cum  antecedente  locis. 

Subcylindrical,  scarcely  narrowed  at  the  ends,  25-30  times  longer  than  broad  ;  lateral  processes, 
sbort,  conical. 

Genus  SPIROT^NIA,  Beeb. 

Cellulie  rectSB,  cylindricffi  vel  subfu  si  formes,  stepe  in  muco  gelatinoso  aggregate,  medio  baud  eon- 
strictie,  utroque  polo  rotundatse  vel  aeuminatffi.  Cytioplasma  cblorophyllaceum  in  laminis  spiralibus 
dispositum. 

Cells  straight,  cylindrical  or  subfusiform,  often  aggregated  in  a  gelatinous  mucus,  not  constricted 
in  the  middle,  rounded  or  acuminate  at  each  end.  Chlorophyllous  cytioplasm  arranged  in  spiral 
lamina, 

Sp.  bryophlla,  (Br£b.)  Rabenhorst. 

Sp.  mimina,  bryophlla;  cellulis  in  gelatina  niatricali  consociatis,  oblon^o-cylindricis,  rectia  yel 

subcurvatis,  bis  vel  ter  longioribus  quam  latis,  utroque  polo  rotundatis;  lamina  cblorophjl- 

lacea  singala  anfractu  1-2^. 
I>iaiH.—„V'  = -00033"  (0.00024"— .00029".  R.) 

Syn. — Spirotasnia  bri/ophila,  (Br^b.)  Rabenhorst,  Flora  Europ.  Algarnm,  Sect.  III.  p.  14S. 
Hah. — Prope  Philadelphia  ;  Wood. 
"  (S.  rauscicola  (Do  Bary))    Frond  cylindrical  two  to  fonr  times  as  long  as  broad,  ends  rounded ; 

endochrome  a  single,  broad,  smoothly  defined,  widely  wound  spiral  band,  ita  revolutions  very 

few  (one  or  two)."  (A.) 

Jtemarks. — I  found  this  beautiful  little  desmid  on  the  North  Pennsylvania  Rail- 
road, near  Chelten  Hills,  growing  amongst  some  mosses  which  were  kept  con- 
stantly wet  by  overhanging  dripping  rocks.  It  formed  little  transparent  masses  of 
almost  colorless  jelly  looking  much  like  drops  of  dew.  It  agrees  well  with  the 
descriptions  of  the  European  form,  except  that  there  were  generally  from  '2-2| 
turns  of  the  spiral,  and  the  cells  exceed  somewhat  the  measurements  of  Pro£ 
Eabcnhorst.     The  cells  are  closely  placed  in  the  jelly. 

Fig.  10,  pi.  13,  represents  some  plants  of  this  species. 

Sp.  COndeD»!ata,  (Bb6b,)     Rabenhorst. 

Sp,  cellulis  cylindraceia,  rectis  (vel  leviter  curvatis)  octies  vel  dcries  longioribus  quam  hitis, 

utroque  polo  rotundatis ;  laminis  chloropbyll.  singulis,  aufractibus  aubarctis  (plerumque  S-12). 
Jliam.— 0-00015". 

&yn. — Sp.  condensala,  (Breb.)     Rabenhorst,  Flora  Europ.  Algarum,  Sect,  III.  p.  146. 
Hob. — Florida ;  Rhode  Island  ;   Bailey.     Pennaylvania ;  Wood. 
Frond  cylindrical,  ttfo  to  four  times  as  long  as  broad,  ends  rounded;  endochrome  a  single, 

broad,  closely  wound  spiral  band,  its  revolutions  numerous.     L.  5^5".     Br.  iAb"-     -A.rcber. 

Pritchard's  Infusoria. 
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Remarhs. — Tlie  only  specimens  that  I  have  seen  of  this  species  were  found  in  a 

si,ring  in  the  Philadelphia  City  Park,  near  Columbia  bridge. 
Fig.  11,  pi,  12,  was  drawn  from  one  of  these  specimens. 

Genus  SPH^EOZOSMA,  Corda. 

Cellulffl  comprcssEe,  medio  tranaversim  profunde  incisse,  itaque  bilobatte,  in  quoque  lobo  massa 
clilorophjUosa  quadriradiata  nueleum  amylaceuin  involTente  prseditse,  in  Slum  planum  tieniiforniem 
literaliter  isthmis  coiijuuctte.     Zjgosporte  globosse  vel  ovalea,  glabra.  (B.) 
Syn. — hthmosira,  Ktz. 

Odonlellse,  spec,  Eheb. 
Isthmise,  spec,  Meneq. 
Spondylosium,  Bk^b. 
Cells  compressed,  transversely  very  deeply  incised  in  the  centre  and  therefore  bilobate,  furnished 
in  each  lobe  with  a  qnadriradiate  mass  of  chlorophy!  eurrounding  a  starch  grain,  conjoined  laterally 
by  isthmuses  in  a  tEeniform  fftscia. 

Bemarks. — I  have  never  found  any  species  of  this  genus  in  America.     Professor 
Bailey  has,  however,  detected  the  following: — 

Sph.  excaratum,  Kalfs. 

Sph.  plerumque  nudum  (sine  tubo  mucoso)  sph.  vertebratum  muHo  minus  ;  cellulis  diaraetro 
duplo-!ongioribu3,  medio  excavato-constrictis,  a  latere  ellipticis  utroque  polo  rotundatis;  lobis 
brevibus  truncate- rotundatis,  Itevibus  vcl  granulato-denticulatis ;  isthmis  binis  parvis  verru- 
ciformibus ;  zygosporis  plerumqne  ovatis.    (R  ) 

Lata.  aior.  0.00041"— 0  00032".  {B.> 

Sun. — Sph.  excavatum,  Ralfs,  British  Desmids,  p.  CT. 

.Hat.— Florida;  Georgia;  South  Carolina ;  Bhode  Island  ;  Bailey. 

"Joints  longer  than  broad,  having  a  deep  sinus  on  both  sides  and  two  sessile  glands  at  each 
margin  at  their  junction,  very  minute,  seldom  more  than  twenty-five  joints  in  the  filament, 
whict  is  fragile,  and  finally  separates  into  single  joints ;  at  their  junction,  in  the  front  viciv 
are  two  minute  glands  or  processes,  situated  one  near  each  angle,  and  nearly  invisible  before 
the  escape  of  the  endochrome.  The  joints  are  nearly  twice  as  long  as  broad  and  much  con- 
stricted ill  the  middle ;  the  constriction  is  like  an  excavation  or  broad  sinus  on  each  side,  so 
that  the  margins  of  the  filaments  appear  sinuated.  The  endochrome  is  pale  biniah-green 
with  minute  scattered  granules.  The  transverse  view  is  obiong  with  four;!essile  glands,  two 
on  each  side  and  situated  near  the  ends." — Ralfs'  Brit.  Desm.,  p   fit- 

jSph.  pulchruin,  Bailey. 

Sph.  cellulis  oblongo-quadrangularibus,  diametro  duplo-brevioribus,  acute  incisis,  arete  eon- 
nesis;  lobis  oblongis  rectis,  apiee  rotundatis;  isthmis  nullis,  vagina  mucosa  ampla  dis- 
ncta.  (R.) 

Ssn.—S.  pulchrum,  Bailet.     Raifs,  British  Desmid.,  p.  209  (Cum  icone). 

Sab. — West  Point,  New  York  ;  Princeton,  New  Jersey  ;  Bailey. 

"  Joints  twice  as  broad  as  long,  deeply  incised  on  each  side ;  junction  margins  straight,  con- 
nected by  short  bands." 

BemarJc. — "  Prof.  Bailey  informs  me  that  this  species  is  twice  as  large  as  Sph. 
vertehratwn,"  Kalfs. 
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Spli.  serratuiu,  Bailet. 

Sph.    collnlis  diametro  duplo  brevioribuB,  profunde  et  aeote  excisis,  arete  coojuDCtis;  lobis 

utrinqae  cuspidatis,  paulum  coniiiventibus;  isthmis  nuUis  ;  vagina  eras sa.  (R.) 
Sgn. — Sph,  serratum,  Bailey,  Micros.  Observation.     Smithsonian  Contribntions,  1850.     Cum 

Hab. — South  Carolina ;  Georgia ;  Florida ;  Bailey. 

"  Joints  broader  than  long,  deeply  notched  or  divided  into  two  transverse  portions  with  acute 
projecting  ends,  which  give  a  serrated  outline  to  the  chain."  Bailey. 

Genus  HYALOTHECA. 

CellulEe  brevie,  cylindricffi,  medio  non  profonde  constrictte,  a  latere  disciformes,  in  fila  confervacea 
sine  isthmis  arete  conjunctffi  et  vagina  mucosa  anipla  achroa  indusas.  Massa  chloropbyllosa  in 
quaque  semicellula  4-8,  5-10  radiata. 

Cells  short,  cylindrical,  not  profoundly  constricted  in  the  middle,  disciform  in  the  end  view, 
closely  united  without  intervening  isthmuses  into  a  confervoid  filament,  which  is  inclosed  in  an 
ample  mucous  sheath.     Chlorophyl  masses  in  each  cell  4-8,  5-10  radiates. 

H.  disilliens,  (Smith)  BrIib. 

H.  faaciis  pnelongis;  cellulis  oblongo-quadrangularibns,  diametro  sub-duplo  brevioribus,  inter- 

dnm  ante  divisionem  subfequalibns,  augulis  nonnihil  rotundatis,  plerumque  medio  obsolete 

constrictis,  s^pe  baud  constrictis. 
iJiawi— 0.00089"— 0.00098".   (R.) 

Syn. — 1{.  disilliens,  {Smits)  Be^b.     Rabenhorst,  Flora  Enrop.  Algarum,  Sect.  III.  p.  152. 
Eab. — South    Carolina;    Florida;    Rhode    Island;    Bailey.     Rhode    Island    (S.   T.   Olney), 

Thwaitea.     Pennsylvania ;  Wood. 
Filament  very  long,  cells  oblong,  quadrangular,  about  one-half  as  long  as  broad,  sometimes  before 

division  as  long  aa  broad,  angles  somewhat  rounded,  mostly  obsoletely  constricted  in  the 

middle,  oft«n  not  constricted. 

liemarJcs. — The  specimens  which  I  have  identified  as  S.  disiUtens,  agree  with 
the  various  figures  and  descriptions  of  the  European  form,  in  every  thing  except 
that  in  many  cases  there  is  no  constriction  whatever  in  the  centre  of  the  cell,  and 
when  the  constriction  does  exist,  it  is  never  so  pronounced,  as  some  of  the  descrip- 
tions indicated.  The  plant  is  very  common  about  Philadelphia,  growing  in  springs 
and  ditches. 

Fig.  12,  pi.  12,  represents  this  part  of  a  filament  of  this  species, 

H.  mucosa,  (Meet.)  Ehkb. 

H.  faaciis  confervaceia,  minus  fragilibua ;  cellulis  quad  rang  ularibus,  diametro  lequalibus  vel 

Bubtequalibus,  medio  uon  constrictis,  ad  utrumque  finem  (annuliformi-bicarinatis)  bideutatis. 

(R.)     Species  mihi  ignota. 
Djam.— 0.00073"— 0.0008".  (R.) 


Syn. — Gloeoprium  mucosum,  Hassal,  Fresh  Water  Algse,  p.  346. 

:,  {Meet.)  Eheb.     Rabenhorst,  Flora  Europ,  Algarum,  Sect.  III.  p.  132. 


Hab.— Rhode  Island;  (S.  T.  Olney)  Tfawaites. 

Filament  scarcely  fragile,  mucous  sheath  very  broad ;  joints  about  as  broad  as  long,  not  c 
stricted,  but  having  at  one  of  the  euds  a  minute  bidentate  projection  on  each  margin, 
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adjoining  ends  of  the  next  joint  being  similar,  these  projections  being  produced  by  an  annnlar 
grooved  rim.     L.  tiVh"— 600".     B.  tsVs"— Tttt"-   (Archer) 

Genus  BAMBUSINA. 

Cellulte  obi  on  go -orculi  formes,  in  filamenta  articnlata  nodosa  dense  conjunctte,  medio  vitta  trans- 
versa cariuis  daabna  annuliformibus  limitata  inatructse,  itaqiie  supeme  et  interne  bidentatffi,  fronte 
eirculares,  snpra  et  infra  dente  unico  promiaeute.  (R.) 

Cells  oblong-orcnliform,  densely  united  into  an  articulate  nodose  filament,  surrounded  by  two 
median  bands. 

B.  Br^bissonii,  S,Ti. 

B.  filamentia  nodoso-articulatis ;  cellulis  diametro  duplo  longioribus,  (R.) 

Diam.— 0.00071"— O.OOO  92".  (R.) 

S)/n. — B.  BrSbissonii,  KiiTZiNQ.     Rabenhorst,  Flora  Europ.,  Algarum,  Sect  III.  p.  152. 

Bab. — South  Carolina.  (Ravenel)  Wood.  South  Carolina ;  Georgia ;  Florida  ;  Rhode  Island. 
Bailey. 

(Didymoprium  Borreri,  (Ralfs))  Joints  inflated,  barrel-shaped,  longer  than  broad,  without  a 
thickened  border  at  their  junction  ;  angles  bicrenate,  erenatures  rounded ;  transverse  view 
circular ;  sporangium  elliptic,  formed  within  the  (for  some  time)  persistent  extensions  from 
the  conjugating  joints,  which  do  not  previously  break  np  into  single  joints,  but  couple,  still 
united  in  the  filament,  in  a  confiised  or  zigzag  manner,  some  of  the  joints  remaining  unchanged. 
L.  ni^"-     B.  tuW- 

Memarlcs. — The  specimens  which  I  have  seen  agree  well  with  the  descriptions, 
except  in  regard  to  size ;  some  of  the  cells  which  I  measured  were  more  than 
■j^jj-  of  an  inch  in  diameter. 

Genus  DIDYMOPRIUM. 

Cellnlse  obi  on  go-el  Hptiae,  modiee  compresste,  ancipites,  angulis  porrectis  inciso-bidentatis,  in  fila- 
menta articulata  hiconvexa  et  torta  sine  isthmo  arete  conjuncta,  et  in  vagina  mucosa  inclusse. 
Cytioplasraa  chlorophynosa  eellulie  a  fronte  cruciatim  disposita,  cujus  crura  e  laminis  duabus  parie- 
talibus  divergentibns  granum  amylaccum  nnicum  involventibus  formantur. 

Cells  oblong-elliptical,  moderately  compressed,  two-edged,  with  the  produced  angles  incisely-biden- 
tate,  closely  united  into  a  biconvex  and  twisted  filament,  which  is  inclosed  in  a  mucoid  ^eath,  cytio- 
plasm  so  placed  as  to  be  cruciate  when  viewed  from  the  front  (end),  each  cms  composed  of  two 
parietal  divergent  lamina,  each  of  which  contains  a  single  starch  granule. 

D.  GreTillii,  K:tz. 

D.  cellulis  oblongis  diametro  dupio  brevioribua,  saturate  viridibus.  (R.) 

Zham. 0.0024 "—0.0031."  (R) 

Syn. — D.  GrevilUi,  KiJTZiNa.     Rabekhoest,  Flora  Europ.  Algarum,  Sect.  III.  p.  153. 

Eah. — Georgia,  South  Carolina  ;  Bailey.     Pennsylvania ;  Wood. 

Sheath  distinct ;  joints  broader  thau  long,  with  a  thickened  border  at  their  junction  ;  angles 
bidentate;  teeth  angular;  transverse  view  broadly  elliptic,  Sporangium  orbicular,  formed 
within  one  of  the  two  conjugating  joints,  the  endoehrome  passing  over  from  one  by  a  narrow 
connecting  tube  produced  between  the  otherwise,  hut  little  altered,  broken-up  single  joints,  (A.) 

Remark. — Fig.  13,  pi.  12,  represents  the  end  view  of  a  broken  filament  of  this 
species. 
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Genus  DESMIDIUM. 

Cellulffi  oblongo-tabularoa,  medio  i Dciso-bi I obse,  lobia  iDtegris  vel  irreguJariter  dentatis,  a  fronte 
tri-  vol  quadrangulares,  angalis  obtuse  rotnndatis,  in  fila  angulosa,  prffilooga,  torta,  fragiles  arete 
coiincxa;.  Massa  chloropbyllosa  (a  celluite  fronte  visa)  3-4  radiata;  quisque  radius  e  laiiiiDia 
duabus  lateralibua  divergentibua  corapositus.     Zygosporje  globosse  vel  obloogre,  glabrat. 

Cells  oblong-tabnlar,  medianly  iticiselj  bilobate,  with  the  lobes  entire  or  irregularly  dentate,  as 
seen  from  the  front  tri-  or  quadrangular,  and  having  the  angles  obtusely  rounded,  closely  conjoined 
into  an  angular,  fragile,  twisted  filament.  Chlorophyl  (as  seen  from  tho  front)  3-4  radiate;  each 
radius  composed  of  two  lateral  divergent  lamina ;  zygospores  globose  or  oblong,  smooth, 

D.  Swartzii,  Aa. 

D.  cellulis  a  fronte  tri  angular:  bus,  diametro  2-3  plo  brevioribus.  (R.) 

Diam.— 0.00096"~0.00189".   (R.) 

Syn. — D.  Svjartzii,  Aoaruh.     Kabenhorst,  Flora  Eiirop.  Algarum,  Sect.  III.  p.  154. 

Rob. — In  oquis  quietis,  Atlantic  States.  Florida;  Georgia;  South  Caroiiua;  Rhode  Island ; 
Bailey,       New  York;  Edwards.     Pennsylvania ;  Wood. 

Filament  triangular,  equal,  with  a  single  longitudinal  waved,  dark  line,  formed  by  the  third 
angle;  joints  in  front  view  somewhat  quadrangular,  broader  than  long,  with  two  slightly 
angular  crenatures  on  each  lateral  margin,  united  at  the  whole  of  their  end  margins  by  a 
thickened  border,  end  view  triangular;  endochrome  three-rayed.    Archer.    Pritchard'a  Infu- 

D.  quadrangulatum,  Ktz. 

D,  quadrangulare,  cellulis  oblongo-quadrangularibus,  diametro  3-3  plo  brevioribus,  luljis  denti- 
forraibus  ohtusia,  a  fronte  siiiuato-quadrangularibus,  angulis  late  rotuudatis,  lateralibus  exca- 
vatis.  (R.)     Species  tnihiignota. 

Z»iam.— 0.0021"— 0.0029". 

Syn. — B.  quadrangulatum,  KiJTZiNG,     Rabenhorst,  Flora  Europ.  Algarum,  Sect.  Ill,  p.  165. 

Filament  quadrangular,  varying  in  breadth  from  its  twisting,  having  two  longitudinal  waved 
lines  ;  joints  in  f.  v.  broader  than  long,  with  two  somewhat  rounded  crenatures  on  each  lateral 
margin,  united  by  the  whole  of  their  end  margins;  e.  v,  quadrangular;  endochrome  four 
rayed.     L,  tjV'-     B.  bci"— ^h"-  (Archer) 
D.  aptogonium,  Brbb. 

D.  fasciis  pleruraque  subbrevibus,  nudis,  perforatis;  cellulis  quadranguiaribus,  inciso-bilobis, 
lateralibus  coacavis,  lobis  creuatis,  a  fronte  triangnlaribas  (nonnunquam  biangularibus),  centro 
Goncavo,  angulis  rotnndatis  proteusis  isthmum  brevissimum  triplicem  efficientibns.  (R,} 
Species  mihi  ignola. 

iJiam,— 0.00089"— 0.00147",  (E.) 

Syn. — Aplogonium  desmidium,  Balfs,  British  Desmids. 

D.  aptogonium,  BBisissoN.     Rabenhoest,  Flora  Europ.  Alganim,  Sect.  III.  p.  155, 

SaJ>. — Georgia;  South  Carolina;  Bailey. 

Joints  in  f.  v.  quadrangular,  broader  than  long,  with  two  rounded  crenatures  on  each  lateral 
margin,  united  at  the  outer  portiou  only  of  each  end  margin  by  mutual  projections,  thus  pro- 
ducing intervening  central  ova!  foramina.  Archer. 

Genus  APTOGONIUM,  Ralfs. 

Cellulse  3-4  angulares-'vel  compressEe,  iion  constrictsB;  margine  latcrali  planus  vel  crenat:s>  in 
fascias  peiforato-articulatas,  angulares  conjunetse.  (R.) 
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Cells  3-4  angular  or  compressed,  not  constricted,  their  lateral  margins  plain  or  crenate,  conjoined 
into  angular  perforately  articulate  fascia. 

A.  Baileyi,  Ralfs. 

"  Filament  not  crenated ;  joints  about  equal  in  length  and  breadth. 

Syn. — Odontella?  tridentala,  Bailey.     Li  lit.  cum  icone  (1846). 

Mab. — Worden's  Pond,  Rhode  Island ;  near  Princeton,  New  Jersey,  with  sporangia,"  Bailey. 

"  Filament  triangular;  joints  excavated  at  their  junction  ilke  those  of  Aptogonum  desmidium- 
The  joints  are  not  bicrenate,  hence  the  margins  of  the  filament  are  entire,  a  character  which 
distinguishes  it  from  that  species.  The  end  view  is  triangular,  with  rounded  angles."  Ralfs, 
British  Desmidieie,  p.  g08. 

Genus  COSMAKIUM,  (Corda) 

Cellulse  oblongie,  oblongo-cylindricje,  eUipticse,  vel  orbiculares,  medio  transverse  plus  minus  con- 
stricffl,  ntroque  polo  obtusse  vel  rotundatie  ct  integrie,  a  vertice  ellipticie.  Zygosporas  muricat^  vel 
verrucosa. 

Cells  oblong  cylindrical,  elliptical  or  orbicular,  more  or  less  transversely  constricted  in  the  middle, 
obtuse  or  rounded,  and  entire  at  each  end,  viewed  from  the  end  elliptical.  Zygospore  warty  or 
muricate. 

1.    Cellulse  sejunctx. 

1.    Cells  separate. 

a.   Cellulse  ellipticse,  vel  suhellipHcx;  semicellulse  medio  nonventricosse. 

a.    Cells  elliptical  or  mibelliptiaal ;  semicells  m,edianlij  not  ventricose. 

*  Cytiodermate  granulosa  vel  verruculoso. 

*  Gylioderm  granular  or  warty. 

C.  inarg!iri(ifl;runi,  (Tuep.)  Mengh. 

C.  panlo  longius  quam  latum,  profunde  constrictum  ;  sinu  amplo,  vel  raodlce  angusto,  interdum 
intra  excavate;  semicellulis  semiorbicnlaribus,  vel  rcniformibus  vel  nonnihil  quadrangulis 
dorso  plerumque  late  rotundatis ;  cytiodermate  verruculoso, 
TMam.— Max.  ^^"  =  .QDDQ"  (0. 000 TS"— 0.0012".  R.) 
Syn. — Euaslrum  margaritiferum,  Ehrb.  Bailet,  Silliman's  Jonmal,  1841. 

Cosmariummargaritiferum  (Tuhpin),  Meneghini.    Eabenhorst,  Flora  Europ.  Algar., 
Sect.  III.  p.  15T. 
Hah. — In  aquis  quietis.  South  Carolina  ;  Florida  ;  Mexico  ;  Bailey.     Pennsylvania,  "Wood. 
A  little  longer  than  broad,  profoundly  constricted ;  sinus  ample  or  moderately  narrow,  some- 
times widened  on  the  inside;  semicella  semiorbicuiar,  reniform  or  somewhat  quadrangular ; 
dorsum  mostly  broadly  rounded  ;  cytioderm  warty, 

Remarhs. — I  have  found  a  form  of  this  species  growing  in  the  vicinity  of  this 
city,  which  I  at  first  was  disposed  to  look  upon  as  distinct,  but  which,  in  truth, 
grades  into  the  typical  form.  In  it  the  cells  are  almost  quadrangular,  often  with 
their  basal  angles  acute.  The  margin  of  the  frond  in  C.  margaritiferum.,  as  it 
occurs  with  us,  is  sometimes  distinctly  serrate  or,  more  correctly,  crenulate  from 
the  presence  of  the  granulations.  The  granules  are  larger  than  in  C.  hotrytis,  but 
smaller  than  in  C.  tetrophihalmum.  When  viewed  laterally  the  semi^cells  are 
roundish,  or  nearly  so  (according  to  Kalfs'  elliptical),  and  closely  connected  by 
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a  very  broad  neck,     I  have  never  seen  the  sporangia,  but,  according  to  Mr.  Ralfs, 
they  are  orbicular  and  inclosed  in  a  granulated  cell. 

Fig.  8,  pi.  21,  represents  half  of  an  empty  frond  of  this  species  magnified  750 
diameters;  and  fig.  31,  pi,  xii.,  a  frond  densely  filled  with  living  endochromc 

C.  Botrytis,  (Boby)  Mengh. 

C.  late   ovale,  profunde    constri  c  turn,  di  a  metro  plerumqne  1^ — 2   plo    longius  ;    siiiu    angusto, 

lineare ;  semicellulis  nonnihil  triangularibus,  apice  interdum  truneatia,  interdum  late  rotun- 

datis  J  cytiodermatc  minute  grannlato. 
Diawi.— 5^b"  =  0.0019"  (0.0014"— 0. 0023'' J.  (R,) 
Syn. — G.  Bolrylis,  (Boey)  Menegheni,     Rabbnuorst,  Flora  Europ.    Algarum,  Sect.  III.  p. 

158. 
Hub. — Pennsylvania,  Wood. 
C.  broadly  oval,  profoundly  constricted,  1^-2  times  longer  than  broad;    sinus  narrow,  linear; 

acmieella  somewhat  triangular,  with  the  apex  eometimea  truncate,  sometimes  broadly  rounded ; 

cytioderm  minutely  granulate. 

Remarlcs. — In  this  species  the  semicells,  as  viewed  transversely,  are  broadly 
elliptic  in  outline.  The  end  view  presents  a  longer  narrower  ellipse.  Their  out- 
hne,  when  seen  from  the  front,  varies  remarkably  from  tliat  of  a  very  broad  semi- 
oval  to  distinctly  triangular  with  a  truncate  apex.  The  granules  are  small  and 
arranged  regularly,  sometimes  they  are  very  obscure.  I  have  often  seen  the  cndo- 
chrome  so  arranged  as  to  leave  a  large  pyriform  central  vacuole  in  each  cell,  com- 
municating with  the  narrow  margin  between  it  and  the  cell-wall.  This  vacuole 
was  apparently  filled  with  a  transparent  fluid,  in  which  were  minute  granules  in 
immense  numbers,  in  constant  active  motion  circling  among  one  another  and  pass- 
ing out,  into  and  along  the  marginal  connecting  space.  According  to  llalfs,  the 
sporangia  of  this  species  are  large  (j^V')>  with  branched  spines. 

Fig.  5,  pi.  21,  represents  an  empty  frond  of  this  species;  5  a,  outlines  of  semi- 
cells  to  show  the  variations,  and  fig.  14,  pi.  12,  represents  a  frond  crowded  with 
endochrome,  magnified  460  diameters. 

C.  ovale,  Ralis. 

C.  magnum,  ovale,  compressum,  profunde  constrictnm,  diametro  subduplo  longius,  ambitu  inte- 
gerrimum  vel  crenatum,  a  vertice  late  ellipticum ;  semicelluSis  basi  paulo  latioribus  quam 
longis,  triangulo-rotundatis,  diaco  punctatis,  margine  yemicis  mai^aritaceia  achrois  hyalinia 
in  series  4  ordinatis.  (R.) 

Diam. — Long.  0.0053"— 0.0067".     Lat.  plernmque  0.0041".  (R-) 

Syn. —  C.  ovale,  Ralfs,  British  Desmidiese,  p.  98. 

Hah. — South  Carolina ;  Rhode  Island ;  Bailey.     Cobble  Mountain,  Pa,  (Lewis)  Wood, 

Frond  very  large,  elliptic,  nearly  twice  as  long  as  broad,  constriction  very  deep,  linear;  seg- 
ments somewhat  broader  than  long,  somewhat  triangular,  rounded  at  ends,  rough  near  the 
margin,  with  a  band  of  large  pearly  granules,  producing  a  dentate  appearance,  the  disc  punc- 
tate; e.  V.  elliptic.  (A.) 

C.  Br^bissonii,  Meneoh. 

C.  paulo  longius  quam  latum  ;  semicellulis  semieireularibus,  diametro  paulo  longioribus,  angulia 
inferioribus  ohtusis.''approximatia,  ventre  modice  coiicavis  subplanis,  dorso  latissime  rotun- 
datis ;  cjtiodermate  muricato,  muricibus  conicis  in  ordinibus  regularibus  eoUocatis.  (R.) 
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Z)ta»i.— SemiceU,  0.0019"~-0.0022".  (R.) 

Syn. — C.  BHbissonn,M.ENEOBEm.     Rabenhorst,  Flora  Eur  op.  Algarum,  Sect.  III.  p.  158. 
Mab.— White  Monataiiis,  Xew  Hampshire,  (Dr.  F.  W.  Lewis)  Wood. 

Frond  somewhat  longer  than  broad,  constriction  deep,  linear;  segments  semiorbicular,  rough 
all  over,  with  somewhat  elongate  coaical  scattered  pearly  granules;  c.  v.  elliptic.  (A  ) 

Remarh. — Fig.  6,  pi.  21,  represents  an  empty  frond  of  this  species,  magnified 
750  diameters. 


q  am  1  tnm,  cum  margine  enormiter  crenato  vel 
b     la  bns,  a  vcrtiee  ellipticis;   siuu  extrorsum 
t        cytiodermate  crasso,  sparse  verruculoso ; 
g        1  mill  1  Idtb        tin  seriebus  elongatis,  duabua  (interdum 

u)t  tt  bdbt  mis  brevibus  et  rectis. 

Diam.—'L&t.  ttiVoo"  =  -0012"  ;  lat.  ts'bW  =  .0013". 
Syn. — C  orbiculare,  Wood,  Proceed.  Acad.  Nat.  Sc.  1870. 
Ilab. — In  laeu  "Saco,"  New  Hampshire,  (Lewis.) 

Small,  suborbicular,  a  very  little  longer  than  broad,  with  the  margin  irregularly  creiiate,  or 
crenate  undulate;  seniicells  from  the  side  orbicular,  from  the  vertex  elliptical ;  sinus  very 
narrow,  but  within  somewhat  excavated ;  cytioderm  thick,  sparsely  coarsely  granulated ; 
granules  subdistant,  in  each  cell  arranged  in  one  or  two  curved  marginal  series  and  in  a  cen- 
tral gronp  of  two  or  three  short  rows. 

Remarks. — The  arrangement  of  the  granules  in  this  desmid  is  peculiar,  one,  or 
sometimes  two  rows  of  large  obtuse  pearly  granules  are  placed  at  rather  wide  in- 
tervals along  the  whole  outer  margin,  and  then  in  the  centre  of  each  semicell  is  a 
group  of  two  or  three,  or  even  more  short  straight  rows  of  three  or  four  similar 
ijut  rather  smaller  granules.  The  isthmus  is  rather  broad  and  short;  sometimes  it 
"las  on  it  one  or  two  granules. 

Fig.  9,  pi.  21,  represents  an  empty  frond  of  this  species,  magnified  750  diame- 
lers  ;  9  a,  the  outline  of  the  end  view  of  the  same. 

C.  tetrophthalmnm,  (Ktz.)  Br£b 

C.  tertiam  partem  circa  longius  quam  latum,  profundo  constrictura;  sinu  angusto,  plerumque 
sublineare  ;  arabilu  obtuse  crenato;  semicellulis  nonnihil  semicircularibus,  ventre  subplanis, 
dorso  rotundatis ;  cytioderinate  vcrrueuloso ;  verruculis  magais,  obtusis,  subordinatim  dispo- 
sitis. 

Syn—C.  letrophlkalmum,  (Kotzing),  Bb£bisson.     Kabenhohst,  Flora  Europ.  Algarum,  Sect, 

in.  p.  159. 

Hab. — New  Jersey  ;  Wood. 

About  one-third  longer  than  broad,  deeply  constricted ;  sinus  narrow,  mostly  sublioear ;  margin 

obtusely  crenated ;  semicells  somewhat  semicircular,  belly  nearly  even,  dorsum  rounded; 

cytioderm  warty  ;  prominences  large,  obtuse,  arranged  somewhat  regularly. 

Remarks.— The  only  specimens  I  have  seen,  and  I  believe  the  only  ones  hitherto 

17      July,  1873. 
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found  on  the  continent,  were  collected  by  mjsclf  in  "  Slicplicrd's  Will  I'oiid,"  near 
Bridgeton,  Cumberland  County,  New  Jerse}'. 

Fig.  7  a,  pi.  21,  represents  the  outline  of  a  frond  magnified  460  diameters. 

C.  ainoenum,  Er£b. 

C.  mediocre,  oblongum  cylindricum,  Icvitcr  corapres-.mLi  diamctro  diiyilj  ftre  tnj  \o\o  longiiis, 
ntroque  polo  rotundatum,  medio  profunde  constrictnm  sina  angust^  Imtari  amlulu  granuiis 
margaritaceis  aehrois  obsessiim,  a  vertice  elliptii-um ,  semi  cell  a  lis  oblongo  rotandatis,  dorso 
alte  convesis,  lateribus  vero  rectis  parallelii  ancjulis  mferiorihu<!  reitis  et  sub^cutis ;  cytio- 
dermate  granuloso-verrucoso,  Terracis  byahuis  iti  wnes  legahn-s  d  posilia  (Ii  )  S/)eci>3 
mihi  ignola. 

Long.  O.OOIT'— 0.1016";  )at.  0.00081".  (R.) 

Syn — C.  amcenum,  Br6bisson.     Rabenhokst,  Flora  Eiirop.  Algiir,,  Sect.  III.  p.  150. 

iTafi.— Florida;  Bailey.     Rliode  Island  (S.  T.  OIney);  Thwaites. 

Frond  twice  as  long  as  broad,  sides  parallel,  ends  rounded,  constrietioo  deep,  linear ;  segments 
rough  with  crowded  obtu,se  papilla-like  pearly  granules ;  s.  v.  much  compressed,  aboat  thrice 
as  long  as  broad  ;  e.  v.  elliptic.  (A.) 

**    Cytiodermale  glabra. 

**    GyHoderm  smooth. 

C  Cucumis,  CoRDA. 

C.  ovale  ellipticum,  utroqne  polo  late  rotundatum,  tertiam  partem  vcl  duplo  longius  qnam  latum, 

profunde  constrictum  ;  sinu  lineari ;  semiccllulis  angulia  inl'erioribus  rotuudalis,  cytiodermate 

glabro,  hand  punetato. 
iJiani.— Max.  long,  gl^g"  =  0.0026"  ;  lat.  t'Jb"  =  .0019". 

Syn. — C.Cucumw,  Cobda.     Rabenuorst,  Flora  Europ.  Algarum,  Sect.  III.  p.  161. 
ffab. — South  Carolina ;  Georgia-;  Florida;  Bailey.  Pennsykania  ;  Wood.   Saco  Lake,  (Lewis.) 
Oval  or  elliptic,  at  each  eod  broadly  rounded,  one-third  to  twice  as  long  as  broad,  profoundly 

constricted  ;  sinus  linear;   semicells  with  their  inferior  angles  rounded;  cytioderm  sinoolli, 

not  punctate. 

JiemarJcs. — Tliis  species  is  very  abundant  around  Philadelphia,  The  semicells 
generally  each  contain  two  large  globular  masses  placed  near  the  median  line, 
which  are  sometimes  hidden  by  the  crowded  endochrome, 

Figs.  15,  15  a,  pi.  12,  represent  this  species  with  their  endochrome  in  different 
conditions ;  16  6,  represents  a  monstrous  frond,  which  had  attempted  to  divide,  but 
had  not  succeeded  in  so  doing. 

C  depressnm,  Bailey. 

"  Elliptical,  binate,  division  in  the  plane  of  tbe  longest  axis.     Segments  entire,  nearly  twice  as 

long  as  broad,  rounded  above,  very  much  flattened  at  base. 
Hab. — Lakes  in  Florida. 
This  species  resembles  G.  bionulatum,  BbSb.  ;  but  the  segments  are  much  closer  together,  and 

are  angular,  not  rounded  at  the  basal  extremities."    Bailey.    Microscopical  Observations. 

Smithsonian  Contributions. 

Cpyraniidatnin,  ^Rta. 

C.  mediocre,  ovale  vcl  subovale,  ntroque  polo  triincatum,  medio  profunde  constriclum,  duplo 
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fere  longiiia  quam  lutum  ;  semicellulis  brevitcr  pyraniidatis,  angulis  inferiorilius  rot.uiidalis, 

apice  (dorso)  modo  truucatis  modo  rotundatis,  a  vi?rtice  late  ellijjticis ;  cjtiodoi-raate  puiie- 

tato  vel  subtilissime  grauulato.   (R.) 
Long.  0.0021"— 0.003T".     Lat.  max.  0.0026". 

Syn. — G.  pyramidatum,  Bk6bisson.     Rabenhorst,  Flora  Europ.  Algarum,  Sect.  III.  p.  1G2. 
Eab. — Georgia;  Florida;  Bailey.     Peansjlvania  ;  "Wood. 
Frond  scarcely  twice  as  Jong  as  broad,  suboval ;  constriction  deep,  linear ;  segments  pyramidal, 

rounded  at  basal  angles,  somewhat  truncate  at  the  ends,  punctate  ;  c.  v.  broadly  elliptic.  (A.) 

Remark. — Fig.  14,  pi.  13,  is  a  drawing  of  this  species. 
C.  bioculatum,  Br£b. 

C.  parviter,  circiter  tam  longum  quara  latum  vel  paulo  longius,  profande  constrietnm,  sinu  ex- 
trorsum  ampliato;  semicellulis  diametro  diiplo  latloribus,  elliptico>prope  hexagouis  angulis 
obtu3e  rotundatis,  integerrimis  aut  levissime  crenulatis;  cytiodermate  lasvl  vel  subtilissime 
punctato.  (R.)     Species  miki  ignolu. 

Long.  0.00069".     Lat.  0.00066".  (R.) 

Sgn. — C  bioculaiuin,  Br£bisson.     Rabeniioest,  Flora  Europ.  Algarum,  Sect.  III.  p.  1G3. 

flafi.— Rhode  Island,  (S.  T.  OIney)  Thwaites. 

Frond  minute,  about  as  long  as  broad,  constriction  deep,  producing  a  gaping  notch  at  each 
side ;  segments  about  twice  as  broad  as  long,  elliptic,  smooth ;  s.  v.  compressed  s.  v.  elliptic. 
Sporangium  orbicular  with  conical  spines.     L.  y^s"  >  ^-  ttV^"-    (■'^■) 

C  meneghenii,  Bb£b. 

C.  parvum,  tam  longum  quam  latum,  modo  paulo-Iongiua,  modo  paulo-brevius,  profunde  con- 
strictum,  sinu  lineari,  extrorsum  noD  ampliato;  seniicetltilis  subquadratis,  leviter  siiiuato- 
hexagonis;  angulis  rotundatis,  cytiodermate  iffivi  vel  subtillissinie  punctato.  (R.) 

Long.  jy"__jy"  =  0.00103''— 0.0013"  ;  lat.  rJ/"-- tW  =  0.00081"~0.00080".    (R.) 

Syn. — C.  Meneghenii,  Brebisson.     Babenhorst,  Flora  Europ.  Algar.,  Sect.  III.  p.  163. 

Hab. — Pennsylvania;  Wood. 

Frond  very  minute,  rather  longer  than  broad,  constriction  linear;  segments  snbquadrate,  bicre- 
nate  at  the  sides  and  ends,  smooth  ;  e.  v.  elliptic.  (A,) 

Bemarh. — Fig.  18,  pi.   12,  represents   a    frond  of  this    species,  magnified  750 

diameters. 

C  crenatuin,  Ralfs. 

C.  oblongum,  tcrtiam  partem  circa  longius  quam  latnm,  profunde  constrictum,  sinu  lineari  an- 
gasto ;  semicellulis  e  basi  lata  subsemicircularibns,  dorso  plus  minns  depressis  vol  truucatis, 
ambitu  crenatis  vel  regulariter  undulato  creaatis,  crenis  10-li;  cytiodermate  punctato.  (R.) 
Species  mihi  ignota. 

Long.  0.0021"— 0.0023";  lat.  0.0015".    (R.) 

Syn. — C.  crenatum,  Ralfs,  British  Desmidiesc,  p.  96. 

aiifi.— Rhode  Island;  (S.  T.  OIney)   Thwaites. 

Frond  stightly  longer  than  broad,  constriction  linear ;  segments  semiorbicular,  ends  and  sides 
broadly  rounded,  crenate  or  minutely  undulate  at  margin  ;  e,  v.  elliptic.  Sporangium  orbi- 
cular, spinous ;  spines  elongate,  slender,  swollen  at  the  base  and  divided  at  the  apex.  L.  ^\^" ; 
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C  undulatum,  Gorda. 

C.  submediocre,  oblongum,  diametro  subiiupli)  longius,  utroque  polo  late  rotundatum,  ambita 

leviter  sinuato -undulatum,  profuiide  constrietum,  siuu  linear!  extrorsum  paullum  ampliato ; 

semicellulia  semiorbicularibus,  et  dorso  et  lateribus  late  rotundatis,  margine  undulato-erenatis, 

crenis  9,  sublatis;  cytiodermate  Isevi;  zygoaporis  sphEericIa  spiiiis  elongatis,  apice  bi-tri-Qdis 

obsitis.  (II.)     Species  viihiignota. 
Long.  0.0034".     Lat.  0.0011".  (R.) 

Sgn. — C.  undulatum,  Cokda.     Babenhorst,  Flora  Europ.  Algarum,  Sect.  Ill,  p.  165. 
Hab. — South  Carolina  ;  Rhode  Island  ;  Bailey. 
Frond  rather  larger  than  that  of  C.  crenatum,  slightly  longer  than  broad,  constrictions  linear  ; 

segments  semi  orbicular,  ends  and  sides  broadly  rounded,  crenate  or  minutely  undulate  at  the 

margin;  e.  v.  elliptic.     Sporangium  orbicular,  spinous;  spines  elongate,  slender,  swollen  at 

the  base  and  divided  at  the  apex.  (A.) 
b.  Semicellulx  medio-ventrieoso  inflatee, 
b.  Semicells  medianly  ventricose. 

*  Cytiodermate  laevi. 

*  Cytioderw,  smooth. 

C.  sublobatam,  {BufiB.)  Archer. 

C.  parviim,  oblongo  Bubquadratum,  diametro  subdaplo  longias,  sinu  angnsto  lineari ;  seniicel- 
lulis  subqaadratia,  e  basi  dilatata  ad  verticem  sensim  angustatis,  angulis  et  inferioribus  et 
fiuperioribus  rotundatis,  dorso  late  truncatis  lateribusque  leviter  sinuatis ;  cytiodermate 
leevissimo.   (R.) 

Long.  0.00 IT 9"— 0.00196".     Lat.  mas.  0.0015"— 0.00157".   (R.) 

Stfn. — C.  nuhlohatum,  (Brebisson)  Archer.     Pritcbard's  Infusoria,  p.  731. 

Hab. — Georgia;  Florida;  Rhode  Island ;  Bailey. 

Frond  scarcely  twice  as  long  as  broad,  oblong ;  constriction  linear,  segments  subquadrate, 
somewhat  wider  at  the  base,  lateral  and  end  margins  slightly  concave,  smooth  and  trans- 
verse vein  cruciform,.  (A.) 

*  *  Cytiodermate  granulato. 

*  *   Cytioderm  granulate. 

C.  ornatiiiii,  Ralfs. 

C.  parvuni,  pleruraque  tam  longum  qnam  latum;  semicellulia  reniformibus,  diametro  duplo 
longioribus,  angulis  inferioribus  una  cum  lateribus  rotundatis;  dorso  sub-producto  late  trun- 
catis; cytiodermate  granulato- verruculoso  ;  zygosporis  longe  spinosis,  spinis  elongatis  apice 
furcatis.  (R.)     Species  mihi  ignota. 

Long.  0.0016"— 0.0015".     Lat.  0.0016".    (R.) 

Syn. —  C.  ornatum,  Ralfs,  British  Desmidiese,  p.  104. 

.ffat.— Rhode  Island;  (8.  T.  OIney)    Thwaites. 

Frond  in  f.  v.  about  as  long  as  broad,  constriction  deep,  linear ;  segments  seraiorbicniar  or 
subreniform,  with  a  central  truncate  projection  at  the  ends  produced  by  the  continuation  of  a 
central  inflation,  rough  towards  the  margin  and  on  the  inflation  with  pearly  granules;  e.  v. 
with  a  rounded  lobe  on  each  side.  Sporangium  orbicular,  spinous ;  spines  elongated,  dilated 
at  the  base  and  slightly  divided  at  the  extremity,  cyg".  (Archer.) 

C.  commissiirale,  (Br£b.) 

C  niinuium,  fere  diiiiidlo  latins  quam  longum,  profundissime  constrietum,  sinu  amplo  basi  ex- 
cavato  ;  semicellulis  anguste  reniformibus,  diametro  paene  iriplo  longioribus,  leviter  ineurvis, 
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angulis  rotundatis,  dorso  truncato-rotundatis,  margino  ere nulato-den talis,  a  dorso  oljloiigis, 
medio  veatricosis,  utroque  polo  plus  minus  tumidis ;  cytiodermate  granalato  margaritifero, 
(R.) 

Long.  0.0010"— 0.0012."     Lat.  0.0013"— 0.0015".  (R.) 

Syn. —  C.  commissurale,  Br£bisson.     Rabenhobst,  Flora  Europ.  Algarum,  Sect.  III.  p.  170. 

Mab — la  laca.     Whit«  Mountains,  Now  Hampsbire ;  (Dr.  F.  W.  Lewis) 

Frond  small,  in  f.  r.  one-third  broader  than  bag;  constriction  very  deep,  rounded  ;  segments 
narrow-reniform,  with  a  central,  somewhat  truncate  projection,  produced  by  the  continuation 
of  the  central  inflation,  roagb  on  the  iaflation  and  on  the  extremitiea,  with  somewhat  large 
pearly  granules,  e.  v.  three  times  longer  than  broad,  constricted  between  the  central  inflation 
and  the  rounded  extremities.     Sporangium  as  in  0.  omatum.    (A.) 

Remarks. — I  have  seen  but  a  single  specimen  of  this  species  which  differed  irom 
the  typical  form,  in  having  the  sinns  very  narrow  in  its  outer  portion,  and  in  being 
shorter. 

Fig.  16,  pi.  13,  represents  the  frond  of  this  specimen,  magnified  750  diameters. 

C  cselatum,  Ralfs. 

C.  suborbiculare,  profnnde  constrietum ;  einu  angustissimo  linear! ;  semicellalia  inciso-crenatis, 
angulis  rotundatis,  a  vertice  medio  nonuihil  inflatis;  cytiodermate  granulate,  granulis  in 
series  regulariter  circulares  positis. 

JXam.— Long.  tj^V'  =  .0017".     Lat.  -uVW'  =  -0014". 

Syn. — G.  cmlattim,  Ralfs,  British  Desmidie*,  p,  103. 

Hab. — In  stagnis  prope  Aiken,  South  Carolina.     (Ravenel.) 

Suborbicular,  profoundly  constricted;  sinus  very  narrow,  linear;  Beraieella  inciso-crenate, 
aogiea  rounded,  when  seen  from  the  end  somewhat  inflated  in  the  middle ;  cytioderm  granu- 
late, granules  placed  in  circular  series. 

Bemarlcs. — This  species  was  collected  by  Prof.  Eavenel  in  a  quiet  ditch  near 
Aiken,  South  Carolina,  sparsely  scattered  amidst  innumerable  diatoms  and  desmids. 
The  number  of  the  crenations  appears  to  vary.  In  the  few  individuals  I  have  seen 
there  were  six  end  ones  besides  the  two  very  broad  basal  ones,  if  the  latter  can  be 
called  crenatures.  Ralfs  gives  six  as  the  total  number,  and  yet  every  one  of  his 
figures  has  many  more.  So  I  think  the  number  a  character  of  but  little  import- 
ance. The  circular  arrangement  of  the  granules  is  not  so  positive  and  regular  in 
the  specimens  I  have  seen,  as  is  represented  in  the  figure  of  Ralfs,  otherwise  the 
agreement  is  perfect. 

C.  Broomei,  Tuwaites. 

C.  subparvum,  plerumque  tarn  1  mgum  quam  latum  nonnnnquam  paulo  longius,  obtuse  quad- 
rangulare,  profunde  constrietum  smu  angustissimo  Imeari ;  semicellulis  oblongo-quadraugulis, 
diametro  dnplo  longioribus  angul  s  et  inferionbub  et  superioribus  obtuse  rotundatis,  ventre 
subplanis,  dorso  latissime  truncatis  et  ssep  us  leniter  retusis  vel  plane  convesis;  cytioder- 
mate granulato-margantaceo  granulis  in  yenebus  aubrectis  eollocatis.  (R.) 

Long.  0.00194"— 0.0023        Lat   max     002     thick  0015'. 

Syn. — C.  Broomei,  Thwaites.     Ralfs,  British  DesinidieEe,  p.  103. 

Hab. — Georgia ;  Bailey.     Prope  Philadelphia  ;  Wood. 
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Frond  in  f.  v.  about  as  long  aa  broad,  constrietioa  deep,  linear;  segments  quadrilateral,  ends 
straight,  angles  rounded,  rough  all  over  with  minute  granules ;  e.  v.  twice  as  long  as  broad, 
slightly  inflated  at  the  middle  and  rounded  at  the  ends.   Sporangium  orbicular,  smooth,  (A.) 

liemarks. — The  only  specimens  which  I  have  seen  were  found  in  a  brick-pond 
below  the  city  in  the  month  of  June.  They  agree  well  with  the  descriptions,  ex- 
cepting in  that  I  should  describe  their  central  iniiation  as  pronounced.  The  sinuses 
also  are  ampliate  or  hollowed  out  within.  The  granulations  are  quite  large,  and 
are  arranged  somewhat  irregularly  in  rows. 

Fig.  15,  pi.  13,  is  a  view  of  the  front  of  the  frond  magnitied  460  diameters; 
fig.  10,  pi.  21,  tlie  outline  of  the  lateral  view. 

C.   Cellulee  fusiformes,  cylindricse  vel  ovales,  in  medio  letsUer  constricts. 
c.   Cells  fusiform,  cylindrical,  or  oval,  lightly  constricted  in  the  middle. 

C.  TbwaUesii,  Balps. 

C.  mediocre,  diaraetro  bi-triplo  longius,  fusiforrai-cylindraceum,  medio  leviter  constrictum,  am- 
bitu  intcgerriraum,  utroque  polo  rotundatura ;  semicellulis  e  eylindracco  subcoiiicis,  e  medio 
in  apicem  scnsim  eensimque  (sed  modice)  attennatum ;  cytiodermate  Isevi  vel  indistincte  punc- 
tato.  (R.)     Species  mihiignola. 

Long.  0.00267" — 0.00281".     Lat.  max.  0.(>012".  (R.) 

Syn. —  0.  Thwailesii,  Ralfs,  British  Desmidiese,  p.  109. 

Hab. — Florida  ;  Bailey. 

Frond  in  f.  v.  two  or  tbree  times  longer  than  broad ;  constriction  a  very  sballow  groove  ;  seg- 
ments subcylindrical,  with  rounded  ends ;  endochrome  scattered  ;  e.  t.  circular,  or  very  slightly 
;  e.  f.  not  punctate,  or  puncta  very  indistinct.  (A.) 


C.  connatum,  Br£b. 

C.  validum,  submagnum,  leviter  conipressum,  diaraetro  duplo  circa  longius,  subp and uri forme, 
pins  minus  constrictum,  utroqae  polo  late  rotundatum,  a  vertiee  lato  elliptienm ;  semicellalis 
Bubhemiaphsericis,  ambitu  jcquabiliter  rotundatis,  integerrimia;  cytiodermate  punctato.  (R.) 
Species  mihi  ignota. 

Long.  0.0035".     Lat.  max.  0.00165"~0.0019".  (R.) 

Syn. C.  connatum,  BltiBissoN.     Ralfs,  British  Desmidiea;,  p.  108. 

iZaS.— Florida ;  Bailey. 

Frond  targe,  in  f.  v.  about  one-half  longer  than  broad  ;  constriction  shallow ;  segments  about 
two-thirds  of  a  circle,  coarsely  punctate,  and  with  a  distinct,  sometimes  striated,  border;  e.  v. 
circular.  (A  ) 

d.    Cellule  in  familias  connexte. 

d.    Cells  united  into  families. 
C.  Qnimbyii,  Wood.  (sp.  nov.) 

C.  cellnlis  parvis,.sub-eliiptiei3,  medio  profande  constrictia,  in  familias  eopulis  hyalinia  COQ- 
nesis  ;  semicellulis  a  fronte  ellipticis  et  diaraetro  subdnplo  longioribus,  a  vertiee  elliptieis,  a 
latere  rotundatis ;  sinu  lato ;  marsia  chloro-phyllaccis  in  quaque  seraieellula  singulis;  cytio- 
dermate tenue,  glabro. 

i)iam.— Long.  ^^V'  =  0.001".     Lat.  a  fronte  ^gV'  =  0-000T5"  ;  a  latere  ,,5iFg"  -  0-00042". 

Hah. — In  aquia  puris,  New  Jersey. 
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Cells  small,  Bubelliptical,  profoundly  constricted  In  the  middle,  joined  bj  translucent  bands  into 
families ;  semic^lls  seen  from  the  front  elliptical,  and  nearly  twice  as  long  as  broad,  from  the 
vertex  elliptical,  from  the  side  roucdisti ;  sinus  broad  ;  chlorophyl  masses  single  in  each  cell ; 
cytioderm  thin,  smooth. 

Bemarlcs. — Thia  plant  was  found  by  my  friend  Mr.  Quimby  growing  in  a  beau- 
tiful spring  above  Camden,  upon  whose  bottom  it  formed  a  gelatinous,  trans- 
lucent, greenish  mass.  The  cells  resemble  in  shape  those  of  C.  cucumis,  although 
much  smaller.  They  are  joined  by  bands  into  little  families,  in  which  the  original 
parent-cell  is  generally  very  distinct,  it,  or  rather  the  two  ceUg  into  which  it  first 
divides,  remaining  in  the  centre  of  the  group.  The  bands  are  so  hyaline  that  their 
edges  can  alone  be  distinctly  seen,  and  hence  the  latter  often  look  as  though  they 
were  threads — there  appearing  to  be  two  parallel  threads,  or  two  threads  crossing 
one  another,  or  a  single  thread,  according  as  the  band  is  flat,  twisted,  or  on  edge. 

It  gives  me  great  pleasure  to  dedicate  the  species  to  my  friend  Mr.  Quimby,  by 
whom  it  was  collected. 

Fig.  9,  pi.  1,  represents  one  of  the  family  groups  of  this  plant. 

Genus  EUASTRUM,  Ehrb. 

Cellulie  vel  oblongse  vel  elliptieas,  medio  profoiide  incisse,  sytnmetrice  sinuatte,  vel  lobatse,  turaori- 
bus  inflatis  circuJaribus  (rare  obsoletis)  iristructiB,  utroque  polo  sinuato-emarginatte  vel  inciso-bilo- 
b&taa,  a  vertice  ellipticie. 

Cells  either  oblong  or  elliptic,  profoundly  incised  in  the  middle,  symmetrically  sinuate  or  lobed, 
provided  with  circular  inflated  protuberances  (which  are  rarely  absent),  at  each  end  sinuately  emar- 
giuate  or  incisely-bilobate,  from  the  vertex  elliptic. 
A.  Lobo  polares  in  apice  late  ninuaio-exeiai. 
A.  Polar  lobe  with  its  apex  broadly  sinuately  excised. 
E.  muUilobatuu],  Wood. 

E.  magnum,  fere  duplo  longius  qnam  latum,  medio  profuiide  constrictum,  et  cum  sinu  modiee 
amplo ;  a  latere  medio  ventricosum  et  duplo  biurabonatum,  ad  verticem  dilatatum  et  emar- 
ginatum  ;  semicellulis  a  fronte  trilobatis,  lobis  sinus  amplissimis  inter  se  sejunctis  ;  lobi  basaJe 
distincte  late  emarginato,  lobo  centrale  obtuso,  lobo  polare  late  leyiter  sinnato-emarginato ; 
semicellulis  a  vertice  quinque  lobulatis;  cytiodermate  Isevi. 
iWam.— Long.  ^Vra"  =  -00475".     Lat.  -pf^V'  =  -0025". 
8pt.—E.  muUilobatum,  Wood,  Proc.  A.  N.  S.,  1869- 
Hab. — In  laca  "Saco;"  New  Hampshire;  (Lewis.) 

E.  large,  about  twice  as  long  as  broad,  in  the  centre  profoundly  constricted,  with  the  sinus 
moderately  large ;  from  the  lateral  view  somewhat  enlarged  and  doubly  biumbonate  in  the 
middle  ;  semicells  fVom  the  front  trilobate,  the  lobes  separated  by  very  wide  sinuses,  the  basal 
lobe  broadly  emarginate,  the  central  lobe  obtuse,  the  end  lobe  broadly  and  shallowly  sinuately 
emarginate;  semicells  from  the  vertex  five-lobed;  cytioderm  smooth. 

BemarJcs. — The  basal  lobes  of  this  beautiful  dcsmid  are  distinctly  five  lobulatc, 
the  lateral  lobules  being  longer  and  broader  than  the  others,  which,  instead  of 
being  emarginate,  are  obtuse.  The  sinuses,  separating  lobes  and  lobules,  are  very 
broad,  with  very  obtuse  angles.  When  the  desmid  is  viewed  from  two-thirds 
round,  so  as  to  show  the  anterior  and  posterior  lobules  especially,  it  presents  an 
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outline  in  which  all  the  sinuses  are  of  similar  form,  and  the  central  and  basal  lobes 
are  about  equal  size;  whereas,  when  viewed  from  the  front,  the  basal  lobe  is  much 
the  broader.  When  the  desmid  is  viewed  from  the  side  it  is  seen  to  be  enlarged 
in  the  centre,  and  provided  with  two  distinct  umbonations  each  side  of  the  com- 
paratively narrow  central  sinus. 

Fig.  10,  pi.  12,  represents  the  front  view  of  a  frond  of  this  plant;  fig.  5,  pi,  20, 
the  outline  of  a  two-thirds  view,  and  fig.  5  «,  the  outline  of  a  lateral  view,  all  mag- 
nified 450  diameters. 

E,  Terrucosum,  Khbb. 

E.  magmira,  late  ovatum,  tix  longina  qnam  latum,  medio  profund  st     turn  sinu  extroranm 

dilatato;  semicellulis  trilobatis,  lobis  triaiigularibus,  diverge  tb  a|  late  et  profnnde 
siimatis;  a  latere  ovato-oblongum,  sinuato-lobatum,  lobis  oct      n  af  d  datis,  polaribos 

singulis  porrectis,  lateralibus  ternia  ;  cytiodermate  granulato-  e    u  (r  )     Sjyeoies  mihi 

ignoia. 

hong.  0.0036"— 0039".  (R.) 

Si/n. — E.  verrucosum,  Eorenbeeo,     Rabenhobst,  Flora  Europ.  Algarum,  Sect.  III.  p.  119. 

Sab. — South  Carolina;  Georgia;  Florida;  Ilhode  Islaod;  Railey. 

Frond  somewhat  longer  thao  broad,  rough  all  over  with  conic  granules ;  segments  S-lobcd, 
somewhat  divergent,  all  the  lobes  broad,  cuneate,  with  a.  very  broad,  shallow,  or  external 
sinus.  Empty  frond ;  f.  v.  segments  with  one  large  circular  basal  inflation  on  surface,  one 
smaller  on  each  side,  and  two  others  on  tho  end  lobe ;  s.  v.  acgmenta  inflated  at  the  base, 
narrowed  into  a  short  neck,  end  dilated  with  a  central  sinus;  e.  v.  oblong,  with  three  infla- 
tions at  each  side,  one  at  each  end,  end  lobe  having  4  divergent  lobelets.  (A.) 

E.  gentvaatum,  Rb£b. 

E.  mediocre,  diametro  duplo  longius,  profnnde  constrietum,  sinu  angusto  lineari,  a  vertice  ovato- 
oblongum,  ambitu  simiato-lobatam,  lobis  8  conformibus,  rotundatis ;  semicellulis  trilobatis, 
bas!  tumoribua  3  in  seriem  diapositis,  lobis  in  apice  profunde  emarginatis,  lobulis  rotundatis, 
lobo  polari  dilatato  et  paulum  prodncto;  cytiodermate  in  tumoribus  et  lobulis  graualato 
punctato,  cffiternm  Isevi.   (R.)     Species  mihi  ignota. 

Long.  0.00224"— 0.0039".     Lat.  0.00151"— O.OOU".  (R.) 

Syn. — E.  gemmatum,  BKfinissON.     Rabenhorst,  Flora  Europ.  Algar.,  Sect.  III.  p.  180. 

Hab. — Rhode  Island  ;  Bailey, 

Frond  scarcely  twice  as  long  as  broad;  segraenta  3-lobcd,  lateral  lobes  horizontal,  deeply  emar- 
ginate,  the  protuberances  minutely  granulate;  end  lobe  dilated,  its  dilatations  inclined 
upwards,  and  minutely  granulate;  ends  with  a  deep  ronnded  emargination.  Empty  frond 
slightly  punctate ;  f.  v.  segments  with  three  granulate  inflations  near  the  base  ;  (r.  y.  broadly 
elliptic,  with  three  granulato  inflations  at  each  side  and  one  at  each  end;  e.  v.  end  lobe  craci- 
form,  lobelets  rounded,  granulate.  (A,) 

E.  obloDgum,  (Gkev.)  Ralfs. 

E.  magnum,  diametro  dnplo  triplove  longius,  oblongnm,  profnnde  constrietum,  sinu  angusto, 
a  latere  ob  Ion  go-lan  ceo  latum,  utroque  polo  truncate  Icniter  retusum,  ambitu  undulato- 
sinuatum ;  semitfellnhs  (fronte)  ai  nu  ato  -  qui  n  quel  obis,  basi  et  in  quoque  lobo  tumore  instructis, 
lobis  lateralibus  in  apice  dilatato  sinuato-retusis,  infcrioribus  latioribus  qnam  superior.,  lobo 
polari  late  cnneato  in  apice  profunde  inciso,  angulis  omnibus  rotundatis,  cytiodermate  Isevi ; 
zygoaporis  globosis  verrueosia,  verrucis  obtuse  conieis  achroia  hyalinia.  (R.)     Specifis  mihi 
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I-ong.  0.005T"— 0.0065".     Lat.  mas.  0.00346". 

8yn. — ^.  oblongum,  (GatvitLE)  Ralfs'  British  Desmidiete,  p.  80. 

Mab. — Rhode  Island ;  Bailey. 

Frond  rather  more  than  twice  as  long  as  broad,  smooth,  oblong ;  segments  5-Iobed ;  lobes  nearly 

equal,  cuneate  ;  lateral  lobes,  or  the  basal  only,  witb  a  broad,  shallow,  marginal  concavity, 

aU  their  angles  rounded,  terminal  notch  linear. 
Empty  frond;  f,  v.  seg.  punctate,  with  three  large  inflations,  on  surface  near  the  base, 

others  above  and  two  on  terminal  lobe ;  tr.  y,  three  times  as  long  as  broad,  with  three 

distant  marginal  inflations  at  each  side,  and  one  at  each  end,  in  p,  broader  in  proportion. 

more  elliptic,  and  inflations  close;  e.  t.  end  lobe  notched  at  opposite  external  margins. 

Sporangium  orbicular,  beset  with  numerous  conical  tubercles.  (A.) 
B.  Labi  polares  evidenter  diicreti  et  in  apice  anguste  tncisi. 
B.  End  lobes  evidi'Titly  separated  and  narrowly  incised  in  Ike  centre 

K.  cra^sum,  (Br^  )  Ktz 

E  oblongum  diametro  subtiiplo  bngius  profunde  constrictum  sinn  angnsto  linean  e  vertice 
Bubquadrangnkre  ntroque  polo  proluude  excisnm  anguha  rotundatis ,  acmiceilnhe  (lionte) 
tnlobis  basi  et  in  qusque  angulo  tumore  instruitis  lobis  lateralibns  latissimis  unismuatis, 
lubo  polari  paullum  prommente  in  apice  bLfido  segmentis  late  rotundatis,  c)tioderraate  dia 
tincte  punctato  punctia  m  acnes  transveraas  ordiaatis    (IX  ) 

Long  0  0051  —0  0073'      Lat   max   0  0041      (R  ) 

Syn. — E.  crassum,  (Br6eisson)  Kiitzing  Rabenhobst,  Flora  Europ.  Algarum,  Sect.  III. 
p.  18  L 

ifo6._rnited  States. 

Trond  about  twice  as  long  as  broad,  sub  quadrilateral,  smooth;  segments  3-lobed;  basal  lobes 
very  broad,  with  a  very  broad,  shallow  marginal  sinus,  in  which  there  is  sometimes  a  slight 
intermediate  rounded  projection;  end  lobe  creneate,  rounded,  terminal  noteh  linear. 

Empty  frond ;  f  v.  punctate,  segments  with  three  inflations  below  and  two  above ;  tr.  v.  two  or 
three  times  longer  than  broad,  with  three  lobes  or  inflations  at  each  side  and  one  at  each  end; 
e.  V.  end  lobe  sinuate  at  opposite  ustcrnal  margins.   (A.) 

£.  ornatuni,  Wood. 

E.  oblongum,  diametro  duplo  longius,  profunde  constrictum,  sinu  angusto  lineari ;  scmiccllulis 
a  fronte  trilobatis;  lobis  basalibus  latissimis,  nonnihil  sinoato-eraarginatis,  angulis  plus  minus 
productis  et  rotundatis;  lobo  polari  medio  profunde  lineare  inciso,  segmentis  late  rotundatis ; 
semicellulis  a  latere  bilobatis,  lobis  basalibns  profunde  emarginatis  et  cum  angulis  plus  minus 
acutis;  cytiodermate  distincte  ordinatim  punctato, 

Diam. — rsVus"  =  .00029". 

Syn. — E.  ornatum,  Wood,  Proe.  A.  N.  S.,  1869. 

Sab. — Sa«oLake;  New  Hampshire.     Lewis. 

E.  oblong,  twice  as  long  as  broad,  profoundly  constricted ;  semicells  from  the  front  trilobate  ; 
basal  lobe  very  broad,  slightly  sinuately-emarginate,  angles  more  or  less  produced  and 
rounded;  polar  lobe  medianly  profoundly  linearly  incised,  segments  broadly  rounded  ;  semi- 
cells  bilobate  at  the  sides,  basal  lobes  profoundly  emarginate  and  with  the  angles  more  or 
less  acute  ;  cytioderm  distinctly  regularly  punctate. 

Remarhs. — This  species  is  close  to  _E.  crassum,  from  which  it  differs  in  the  pro- 
portionate length,  being  only  twice  instead  of  three  times  as  long  as  broad ;  in  the 
size  being  only  three-fourths  as  large;  and  especially  in  the  pecnliar  lateral  split- 
ting, as  it  were,  of  the  basal  lobes. 

18       July.  1873. 
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ri^.  12,  j)I.  21,  represents  the  front  view  of  an  empty  h.ilf  frond  of  this  species, 
magnified  ioi)  diameters ;  fig.  12  a,  the  side  view  of  iui  empty  frond. 

E.  afflne,  Ralfs. 

E.  E.  Imnierosum  afSne,  paulo  minus  ;  aemicellulfe  quiaquelobte  ;  lobi  basales  quales  in  E.  harae- 
rosum  set!  turaores  qualuor  iu  seriem  trausversam  siinpliceni  dispositi,  lobi  iiiterinedii  valde 
abbi'eviati  eoruraquo  basi  tnmoribus  duobiis  instnicti,  lobus  polaris  raagls  poircutus  et  in 
apice  raiiiuM  dilatatus;  cytioderma  subtilissime  pmictatum  sublieve.   (R..) 

Loug.  0.0038"~0.0041".   (R.) 

Syn. — E.  affine,  Ralfs,  British  DeamideK,  p.  82. 

Hah. — South  Carolina  ;  Georgia  ;  Bailey. 

Frond  abont  twice  as  long  as  broad;  segments  3-lobed ;  basal  lobes  elightlj  emarginat«, 
having  intermediate  between  the m  and  the  end  lobe  on  each  eide  a  tubercle  representing 
middle  lobes,  the  upper  margin  of  which  is  horizontal ;  end  lobe  exsertod,  dilated,  its  notch 

Emptj  frond  ;  f.  v.  minutely  punctate  ;  the  segments  with  four  basal  inflations,  two  above  and 
two  on  end  lobe;  tr.  v.  elliptic,  with  four  inflations  on  each  side  and  one  at  each  end;  e.  v. 
end  lobe  cinarginato  at  opposite  ;  o.  ¥.  end  lobo  emargiiiate  at  opposite  esternat  margins, 
producing  four  shallow  lobulets.  (A.) 

E.Didelta,  (Turtin)  RALra. 

E.  robustum,  diametro  duplo  longiua  etiam  supra,  in  sectione  transTersa  elHpticura,  ambitu  un- 
dulato-creuiitum,  in  utroque  latere  crenis  quatemis  ;  somicellulis  pyramidalibus,  quinquelobis, 
turaoribus  9  in  series  tres  alteniautibus  ordinatis,  lobis  inferioribus  oblique  truncato-rotundatts 
nonnunquam  loniter  retusis,  iutermediis  subadscendentibus,  rotnndatis,  lodo  polari  minus 
dilatato,  bifido,  segmentis  rotundato-truncatis,  conniTentibus,  in  apiee  tnmidis  ;  cytiodermate 
distineto  punctato,  punctis  modo  irregulariter  sparsis  modo  in  seriobus  rectis  collocatis.  (R.) 

Long.   0.0055".     Lat.  0.00279". 

Syn. — E.Didelta,  (Turpin)  Ralfs,  British  DesmideK,  p.  84. 

Hah. — South  Carolina;  Georgia;  Rhode  Tsland;  Bailey.     Pennsylvania;  Wood. 

Frond  rather  more  than  twice  as  loug  as  broad ;  segments  pyramidal,  inflated  at  the  base  and 
again  at  the  middle,  end  scarcely  dilated,  rounded,  its  notch  linear. 

Empty  frond  punctate ;  f.  \.  segments  with  several  inflations  in  lines  and  two  at  the  end ;  tr.  t. 
elliptic  with  four  inflations  at  each  side  and  one  at  each  end ;  e.  v.  end  lobe  entire  at  mai^iu. 
Sporangium  orbicular,  with  subulate  spines.   (A.) 

Bemark. — Fig.  13,  pi.  21,  represents  this  species. 

E.  ampulla ceum,  Ralfs. 

E.  diametro  duplo  longins  ;  semicellulis  trilobis,  ad  basin  tumidis,  e  basi  latissima  subito  in  lobi 
poJaris  collum  attcnuatiS:  lobis  basalibus  maxiiuis  integris,  loco  loborum  intcrmediorum  pro- 
cessu  deutiformi,  lobo  polari  cuneato,  in  apice  bifido,  segmentis  late  truncato-rotumlatis ; 
cytiodermate  subtiliter  punctate.   (R.) 

Long.  0.0035"— 0.0038".     Lat.  max.  .0026" ;  lat.  in  colli  (lobi  polar.)  0.00085".  (R.) 

Syn. — E.  ampullaceum,  Ealps,  British  Desraidess,  p.  83. 

Hah. — South  Carolina;  Florida;  Bailey. 

Frond  rather  more  than  one-half  longer  than  broad;  segments  obscurely  3-lobed,  short,  with 
broad  inflated  base  \/  basal  lobes  not  eraarginate,  having  on  each  upper  side  a  small  inter- 
mediate tubercle  between  each  and  the  end  lobe ;  end  lobe  exserted  and  dilated,  its  notch 
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linear.  Empty  frond  minutely  punctate;  f.  v.  narrow  elliptic,  with  Beverol  iiifiatoJ  protube- 
rances, ends  scarcely  dilaloil,  roumlcd;  tr.  t.  with  four  inflations  at  sides  and  one  at  cacli 
end.  (A.) 

circulare,  Kassai.. 

E.  mediocre,  diametro  duplo  longiua;  semicellulis  triloljis  (at  non  semper  diatincte),  ad  basin 

versus  tumoribua  qiiinis  aut  pluribus  in  series  diias  v.  tres  aJternantcs  aut  singulo  central!, 

quaternis  semicireulai'Itcr  ordiaatia  instructis,  lobis  basalibus  sinuato-emarginatis,  subito  in 

lobum  polarem  apicc  paullum  diJatatum  attenuatis;  cytiodcrmate  subtilitcr  punctato.  (R.J 

Si/n. — £!.  circulare,  Hasbal,  Fresh-Water  Algee,  p.  3S3. 

Hab. — Providence,  Rhode  Island  ;  Bailey. 

"Frond  about  twice  as  long  as  broad,  tapering  upwards  into  a  neel;,  end  not  diliitcd,  its  notch 

an  acute  incision.     Empty  frond,  segments  with  five  basal  inflations,  four  in   a  half  circle 

around  the  fifth  and  two  others  at  the  extremity."  Archer. 

(  Var.  Kalfsii) 

Semicellula  tumoribus  minimis  11  in  series  tres  alteriiantes  ordiaatis. 

Hab. — Saco  Lake,  New  Hampshire  ;  (P.  W.  Lewis)  Wood. 

E.  Jenneri,  nofeis.  Frond  scarcely  twice  as  long  as  broad ;  segments  3-lobed,  basal  portions 
subquadrate,  emarginate  at  the  sides;  end  lobe,  its  notch  linear.  Empty  frond  punctate, 
segments  with  several  inflations  arranged  in  alternate  lines.  (Archer.) 

E.  iiisigne,  Hassall. 

E.  subgracile,  diamctro  dnplo-triplove  longius,  a  verliee  fere  quadratum,  lateribus  concavia, 
angulis  rotundatis  ;  semicellnlia  basi  inflatis,  integris,  e  basi  subreniforrai  in  collum  clongatum 
citius  attenuatis,  iobo  polari  dilatato  bifido  truncato;  cytiodermate  Bubtiliter  puuclato.    (R.) 

Long.  0.0030"_0.0043".     Lat.  mas.  0.0023C''.   (R.) 

Syn. — E.  innigne,  Uassall,  Fresh- Water  Algffi,  p.  21. 

fia&.— Florida;  Rhode  Island;  Bailey. 

Frond  rather  more  than  twice  as  long  as  broad ;  segments  inflated  at  base,  sides  entire,  without 
lateral  tubercles,  and  tapering  iuto.  a  long  slender  neck ;  end  lobe  dilated,  its  notcli  linear. 
Empty  frond  minutely  punctate  ;  f.  v,  segments  with  two  inflations  at  the  base  ;  f.  v.  uaiTower, 
gradually  tapering  to  the  end,  wiiicii  is  considerably  dilated;  projections  rounded,  with  a 
sinus  between  ;  tr.  v.  subquadrate,  slightly  concave  at  sides,  with  a  rounded  lobe  at  the 
centre  of  each  end;  e.  t.  end  lobe  with  a  sinus  at  opposite  external  margins,  angles  thus 
protruded  into  four  divergent  rounded  lobclets.   (A  ) 

E.  Rair^ii,  Rabenh. 

E.  mediocre,  leviter  coniprcssum,  medio  inflatum,  diametro  duplo  circiter  longius;  Kcmiccllulis 
pyramidalibus,  e  basi  ventricosa  in  lobura  polarem  rectum  truncatum  sinuato-attenuatis  ■ 
cytiodermate  subtiliter  punctato,  punctis  iu  lineas  reutas  ordinatis.  (R.) 

Syn. — E.  ansatum,   Ehr.    etauetores.  Rabenhorst,  Flora  Europ.  Algarum,  Sect.  III.  p.  18i. 
E.  Salfsii,  Rabenhorst,  Flora  Europ.  Algarum,  Sect.  III.  p.  184. 

Hab. — South  Carolina  ;  Rhode  Island  ;  Bailey,     White  Mountains,  New  Hampshire    (P   W 
Lo,i>). 

"E.  ansatum,  Ehrb.  Frond  about  twice  as  long  as  broad;  segments  inflated  at  the  base,  taper- 
ing upwards  without  sinnations  yito  a  neck,  end  not  dilated,  rounded,  its  notch  linear.     Empty 
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frond  pnnctate;  f.  v.  segments  turgid  on  the  sarface,  at  the  middle  without  circular  iuflations  ; 
tr.  V.  elliptic,  with  a  single  large  inflation  at  each  side ;  e.  v.  end  lobe  entire  at  the  margin, 
its  divisions  circular.    (A.) 

Remarks. — I  have  seen  only  a  very  few  specimens  in  a  gathering  made  in  Saco 
Lake,  New  Hampshire,  by  Dr.  Lewis,  which  differ  considerably  from  the  typical 
form  in  the  proportion  of  the  breadth  and  length.  There  are  also  certainly  four, 
if  not  more,  umbonations  on  the  face  of  each  half-ceU.  These  are  nowhere  dis* 
tinctly  spoken  of  as  existing,  and  Mr.  Archer  states  there  are  none  visible  in  the 
front  view  of  F.  ansatum.  They  are,  however,  represented  in  the  side  view  of  the 
original  figure,  and  are  said  to  be  very  noticeable  by  Mr.  Archer  himself,  when 
the  desmid  is  so  looked  at.  In  the  Saco  Lake  specimens  they  are  always  seen  in 
the  front  view  with  great  difficulty,  and  in  some  cases  I  failed  entirely  to  demon-' 
strate  them,  so  that  they  do  not  afford  a  good  character  for  the  indication  of  a  neW 
species. 

Pig.  1,  pi.  13,  represents  a  front  view  of  a  Saco  specimen,  magnified  450  dia- 
meters. 

C.  Lobi  polares  non-evidenter  diicreti. 
C.  End  lobes  not  evidently  distinct. 
E.  elegans,  (BitfeB.)  Ktz. 

E.  minua,  oblongara,  diametro  doplo  longins,  utroqne  polo  biftdnm,  scgmcntia  introrsum  rotun- 
datis;  semicellulis  sursum  modice  altimuatia,  utroqne  margine  lateral!  bi- vel  tri- sinuatis, 
sinu  superiori  vel  intermedio  profundiori,  sab  polo  utrinque  denle  acuto  promineate  ;  cytio- 
dcrmate  snbtiliter  pnnetato,  punctis  irregulariter  eparsis;  zygosporis  globosia  aculeatia, 
aculeis  elongate -suhulatis.  (R.) 
Long.  0.0012"— 0.002".  Lat.  max.  cireiter  0.0011".  (K) 
Syn. — H.  elegans,  (Bk^bisson,)  Kutzing.     Rabenhorst,  Flora  Enrop.  Algarnm,  Sect.  IIT.  p. 

185. 
Sab. — Sooth  Carolina  ;  Georgia;  Florida;  Rhode  Island  ;  Bailey.     White  Mountains,  (F.  W. 
Lewis). 

Frond  minute,  scarcely  twice  as  long  as  broad,  oblong;  segments  with  their  basal  portion  emar- 
ginate  at  the  sides,  connected  by  a  broad  neck  with  the  terminal  portion  ;  enda  protuberant, 
rounded,  acutely  emarginato  at  the  centre,  pouting ;  s.  v.  with  an  inflation  at  the  base  of  the 
segments,  sides  concave,  ends  rounded.     Sporangium  orbicular,  spinous.  (A.) 

Remarks. — According  to  Prof.  Rabenhorst  E.  rostratum,  Kalfs,  which  is  noted 
as  an  American  species  by  Bailey,  is  a  variety  of  E.  elegans.  Its  peculiarities,  ac- 
cording to  Rabenhorst,  are  as  follows :  "  Forma  magis  evoluta,  profundior  sinuata, 
segmentis  polaribus  latioribus,  angnlis  acutis,  dentc  paulo  longiore," 

Fig.  14,  pi.  21,  represents  the  outline  of  the  frond  as  viewed  laterally;  fig.  2, 
pi.  13,  a  front  view  of  the  frond,  magnified  750  diameters. 

E.  binale^  (Turpin)  Ralfs. 

E.  miuimum,  diametro  paulo  vcl  subduplo  longins,  in  sect,  transversa  oblongo-cylindricnm, 
medio  tumidum,  utroqne  polo  rotundatum ;   semicellulis  indistinete  trilobis,  iobis  basalibns 
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latis,  rotundatis  vel  stiiuato-bi-tricrenatis;  lol)o  polari  abbroviafo  liito  truncate,  loviter  eniar- 
giaato,  aiigulis  aeutis  lateraliter  plus  minus  porrectis ;   cytiodcrmate  subtilissime  punctato. 

Syn. — U.  binale,  (Tubpin)  Ralfs,  British  Desmideffi,  p.  90. 

ZTafi.— Plorida ;  Bailey.     Khode  Island,  (S.  T.  Olncy,)  Thwaites.     Ponnsylvania  ;  Wood. 

Frond  very  minut«,  scarcely  twice  as  long  na  broad,  oblong ;  segments  with  their  basal  portion 
either  entire  or  bicrcnate  at  the  sides,  slightly  contracted  beneath  tho  ends  ;  ends  dilated,  not 
protnberant  beyond  the  angles,  its  central  notch  acute,  broad  ;  tr.  v.  with  two  lateral  infla- 
tions, ends  truncate,  angles  rounded.   (A.) 

Remarh. — Fig.  3,  pi.  13,  represents  the  front  view  of  a  frond,  magnified  750 
diameters. 

Genus  MICRASTERIAS,  Ac.  (1837). 

Cellulfe  compressffi,  profunde  constrietse,  a  fronte  orhicularei  vil  late  elliptitie  a  vertice  fosilormes 
cum  utroque  polo  acuto,  semicellulse  tri-  vel  quinque-lobBB  ,  k bi  hisalcs  aut  mtcgri  aut  pluriphciter 
inciso-lobulati ;  lobus  polaris  aut  integer  aut  sinuatus  aut  emarginatui  et  mterdum  angulii  pn  due 
tns  et  bifidus.  Cytioplasma  chlorophyllacea  in  eellnte  lumen  suba-qualiter  di^tributa  grannla 
amjla«ea  sparsa  inToIveus.  Cjtioderma  plerumque  laive  nonnunquam  punctatum  granulatum  vel 
mucronatnm. 

ZygoBporie  globosffi,  setate  provecta  aculeissimplicibus  apice  b  multi  fldis  nonnunqiiim  repetito 
multiliidis  armatfe. 

Cells  compressed,  profonndly  constricted,  viewed  from  the  front  orbKiilar  oi  broadlj  ellii  tic  from 
the  vertex  fnsiforin  with  acute  ends.  Seraieells  3-  or  5  lobed ,  basal  lubes  either  entire  or  many 
times  incisely-lobulate  ;  end  lobe  either  entire  or  sinuate  or  emiiginate  and  Bomotimes  with  its  angles 
produced  and  bifid.  ChlorophjUoas  cytioplasm  distributed  nearly  unirorraly  in  the  cavity  of  tho 
coll,  surrounding  scattered  starch  granules.  Cytioderm  mostly  smooth,  sometimes  punttate, 
granulate  or  mueronate. 

Zygospores  globose,  at  maturity  armed  with  simple  spines,  whose  ends  bifid  or  multifid,  and  some- 
times repeatedly  multifid. 

A.  Semicellulse  trilohse.  Lobi  basales  korizoniales ;  lobus  polaris  valde  dilaiatus,  dorno  plane 
convexus,  truncatus  vel  leviter  retiisun,  a  lobis  basalibus  sinu  amplissiino  dincretus. 

A.  Semicells  trilobate.  Basal  lobes  horizontal;  end  lobe  strongly  dilated,  with  Ike  back  con- 
vex, truncate,  or  slif/htly  retuse. 

M.  arcuata,  Bailey. 

M.  mediocris,  quadrangularis,  paulo  latior  quam  longa,  profundo  pinnatifida;  lobis  basalibus 
angustis  eloiigatis,  arcuatis,  in  apicera  acutunt  attenuatis,  divergentibua;  lobis  polaribus 
angustnslrais,  utrinque  graciliter  productis,  in  apicem  acutum  attenuatis,  in  medio  dorso 
modice  retusis.   (R.) 

Syn. — M.  arcuaia,  Bailey,  Microscopical  Observations  :  Smithsonian  Contributions,  vol.  ii. 

Bab. — In  stagnia.     Florida;  Bailey. 

"  Quadrangular  ^^egments  three  lobed  the  basal  lobes  long  and  arcuate,  subtended  by  the  trans- 
verse projections  from  tho  ends  of  the  slightly  notched  terminal  lobes."  (Bailey.) 

m.  expansa,  Bailey 

M.  mediocri>  iara  longa  qmra  lata  lobis  itellatira  expansis;  lobis  basalibus  angustis  in  apicem 
acutum  attenuatis  divergentLbu's  rectis ,  lobis  polaribus  e  basi  angusta  sensim  dilatatis,  in 
medio  dorso  late  sinuatis  angulis  acutia  (sed  mutieis).   (R.) 

8yn. — M.  txpansa,  Bailey,  Microscopical  Observations  :  Smithsonian  Contributions,  vol.  ii. 

Bab. — In  stagnis,  Florida;  Bailey. 
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Scgmeats  three-lobed,  basal  lohea  long,  subconical,  acnte;  termina.  lobes  slender,  forked  at  the 
end,  witli  the  divisioQS  much  shorter  thaa  the  baHu.1  lubes.   (ISailtj.) 

in.  quad  rata,  Bailey. 

M.  arcuatiB  similis,  sed  duplo  major,  semicelblarum  lobi  basalos  mii)us  arcuati,  basi  iiiflati, 

apiee  bideiitati  et  cytiodcrma  irregulariter  graiiulatum.   (11.) 
Z)iam.— 0.00  43"--0.0049". 

Syn. — M.  quadrala,  Bailey,  Microscopical  Observations  :  Smithsonian  Contributions,  vol,  ii. 
Large  quadrangular,  tliree-Iobed,  basal  loboa  elongated,  slightly  curved,  bidentate;  terminal 

lobes  with  two  slender  transverse  bidentate  projections.  Bailey. 

n.  ilispuCata,  Wood. 

JI.  magna,  fere  tani  longaquara  lata, aubpinnatisecta,  einuaeuto,!obis asqnalibus  ;  seraicelltiHspro- 
funde  trilobia,  lobis  basalibua  in  apieem  acute  bidcntatum  valde  attciiuatis;  lobo  polari  valde 
dilatato,  dorso  rntuudato,  angalis  lateralibus  acutissiniis. 
Long-  7B5"=-*>f5".     Lat.  Tf?j"  =  .O04". 

Syn. — Micrasterias  incim,  Ktz.     Bailey,  Microscopical  Observations:  Smithsonian  Contribu- 
tioas,  1850. 
Hand  Micrasleria  incisa,  Kutzinq,  Spec.  Algarum,  p.  111. 
Tetrachastrum  Americanum,  Aba^b.'SB.,  Pritchabd's  Infusoria,  I8G0,  p.  tSS. 
Hah. — South  Carolina;  Georgia;  Florida;  Rhode  Island ;  Bailey,     Pennsylvania;  Wood. 
M.  largo,  about  as  long  aa  broad,  subpinnatisected ;  sinuses  acnte;  seniicells  profoundly  trilo- 
bate; basal  lobes  strongly  attenuate  into  the  acutely  bidentate  apex;  distal  lobes  strongly 
dilated,  rounded,  with  their  lateral  angles  bidentate  ;  end  lobe  broadly  dilated,  lateral  angles 
very  acute. 

Remarks. — This  desmid  was  first  figured  by  the  late  Prof.  Bailey  in  his  Micro- 
scopical Observations  (Smithsonian  Contributions),  as  M.  incisa  of  Ivtz.,  and  Ra- 
benhorst,  in  his  Flora  Europsea  Algarum,  confirms  this  identification.  He  has 
probably,  however,  never  seen  the  plant  itself,  but  merely  accepts  the  opinion  of 
Professor  Bailey.  Mr,  Archer  (Pritchard's  Infusoria),  thinks  the  American  plant 
is  certainly  distinct  from  the  European,  and  this  seems  to  me  correct.  The  points 
of  difference  are — the  American  form  is  nearly  twice  the  size  of  the  European,  the 
sinuses  are  much  more  widened  outwardly,  and  the  lobes  are  reduced  rapidly  in 
breadth  to  a  mere  point. at  the  end,  the  dorsum  of  the  distal  lobes  is  also,  I  believe, 
more  rounded.  In  his  description  of  T.  Americanum,  as  he  calls  it,  Mr.  Archer 
states  the  end  lobe  has  its  angles  bidentate.  In  the  only  specimen  I  have  seen, 
the  angles  end  in  a  very  sharp,  almost  spine-like  point.  Dr.  Leidy  found  the  spe- 
cies abundantly  at  Newport,  Rhode  Island,  and  his  figure  agrees  with  mine  in  this 
respect.  In  regard  to  the  name,  as  there  is  already  an  M.  Americanum,  the  specific 
name  of  Archer  cannot  be  adopted,  and  for  a  similar  reason  it  would  not  do  to  call 
it  M.  Baileyi.     I  have  then  been  forced  to  give  it  a  new  title. 

Fi".  4,  pi.  13,  was  drawn  by  myself  from  the  single  specimen  I  have  seen;  fig. 
4  a  was  drawn  by- Dr.  Leidy  from  a  Newport  specimen. 

in.  oscitaiis,  Kalfs. 

M.  magna,  ptene  tam  longa  quam  lata,  Bubpinnatisecta,  a  vertice  elliptico  fuaiformis,  ntroque 
polo  bifida;  lobis  basalibus  horizontalibus  conico-produetis,  apice  bifidis;  labo  polari  a  lobis 
basatibiis  sinu  ampfo  ac  rotundato  "discreto,  plus  minus  convexo,  hand  raro  truncato,  rariua 
levitor  retuso,  utrinque  produeto  acuniinato,  pleruraque  bidentafo.  (R.) 
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Diam.—OMil".     LoDg.  0.0039".  (R.) 

Syn. — M.  oscitans,  RALie,  British  DesmidiesB,  p.  16.     Rabenhoest,  Flora  Europ.  Algarum, 
Sect.  III.  p.  119. 
M.  pinnatifida  Ktz.     Rabenhoest,  Flora  Enrop.  Algarum,  Sect.  III.  p.  119. 

JIab. — Florida;  Rhode  Island;  Bailey. 

Frond  about  as  broad  as  long,  pinnatifid;  lateral  lobes  separated  from  the  terminal  by  a  rounded 
sinus,  horizontal,  conical,  their  est  rem  ities  bidentate;  end  lobe  short,  hroad,  its  lateral  pro- 
jections short,  conical,  usually  bidentate,  narrower  and  shorter  than  the  lateral  lobes ;  ends 
convex  at  the  centre;  tr.  v,  fusiform,  c.  f.  punctato.  (A.) 

Remarhs. — According  to  Prof.  Kabenhorst  M.  pinnatifida,  Ktz.,  is  a  variety  of  M. 
osciians,  different  from  the  typical  form  only  in  being  smaller,  and  in  having  the 
lobes  narrower. 

B.  Semicellulee  Z-vel  b-lobae,  plerumque  radialwi  inciso-lobuMx.    Lobi  basales  assurgenles 

ant  mm  aut  minus  a  IxAo  polari  remoti. 
B.  Semicells  3,  or  b-lohate,  moally  radiately  iticisely  lobulate.     Basal  lobes  assurgent,  either 
close  to,  or  but  slightly  remote  from  the  end  lobes. 

*  Semicellulm  Irilobee. 

*  Semicells  trilobate. 

in.  Americana,  (Ehbb.)  Ktz. 

M.  magna,  obionga,  subpinDatisecta,  lobis  polaribna  panlum  remotis,  psene  dupio  longior  qnam 
lata;  cytiodermate  spinaloso  unde  laborum  margines  dentato-serrati  conspiciuntur ;  cellala 
e  latere  conspecta  obionga,  in  medio  leviter  eonstricta,  utroque  polo  bicornata ;  scmicellulae 
basi  tumoreplus  minus  distincto  instructfe,  fere  quinquelobat,  lobis  basales  latissimi  iisdcmque 
profunde  bilobati,  lobulis  late  excisia,  segraentis  dentato-serratis;  lobie  polaribua  phis 'minus 
prodnctis,  in  medio  late  excisis,  segmentia  profunde  bifidis.  (R.) 

Diam.— 0.0041".     Long,  circa  0.0051".  (R.) 

Syn.—M.  Americana,  Kutzing.     Rabenhorst,  Flora  Europ.  Algarum,  Sect.  III.  p.  189. 

JIab. — In  stagnia,  South  Carolina;  Florida;  Bailey. 

Frond  angular  elliptic,  more  or  less  pnnctate  ;  segments  3-lobed  ;  lateral  lobes  broad,  cuneate, 
their  margins  concave,  inciso-serrate ;  and  lobe  broad,  cuneate,  eod  exserted,  bipartite  at  the 
angles,  the  subdivisions  narrow,  and  minutely  dentate  at  the  extremities ;  end  coucave.  (A.) 

Remark. — Fig.  17,  pi.  12,  represents  a  plate  of  this  species. 

M.  Baileyi,  Eali^ 

M.  parva,  obionga,  granulata ;  semicellulis  trilobis,  lobia  basalibus  a  lobo  polari  ainu  amplo 
discretia,  excisura  acute  triangulari  ifi  duaa  lacinias  partitis,  laciniis  e  basi  latiori  in  apicem 
truncatum  bidontatura  attenuatis ;  lobo  polari  e  basi  angusta  longe  porreeto,  sursum  valde 
dilatato,  in  vertice  leviter  et  late  sinuate,  angulis  truncato,  bidentato.   (R,) 

Syn. — M.  Baileyi,  Ralps,  British  Desmidiese,  p.  211. 

J£ab. — New  York;  Rhode  Island  ;  South  Carolina;  Florida;  Bailey. 

Frond  granulated ;  segments  three-lobed  ;  lobes  bipartite,  end  one  much  exserted.  (Ralfa.) 

n.  rin^ens,  Batlet. 

M.  medioeris,  obionga,  margine  granulata;  semicellulis  trilobia;  lobis  lateralibus  bipartitis, 
laciniis  divaricatis,  apjce  obtusis,  tJ'uncatis  vel  bidentatis;  lobo  polari  e  basi  angusta  sursum 
valde  dilatato,  exsertn,  in  vertite  leniter  sinuate,  angulis  truncate.   (U.) 
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Syn. — M.  ringens,  Bailey,  Mieroseopical    Observations,  pi.  1,  fig.   11;    Smithsonian  Coutri- 

butious,  vol.  ii, 
.flb6.— Plorida ;  Bailey, 
Oblong,  segments  three-lobed,  coarsely  granulated  near  the  edge  ;  basal  lobes  subdivided  by  a 

deep  noteb  into  two  rather  broad  and  obtuse  or  slightly  bideiitate  projections  ;  terminal  lobes 

exserted,  emarginate  ;  extremities  bidentate  or  obtuse. 

*  *  Semicellulas  quinque-labatx. 

*  *  Semicells  5-lobed. 

n.  truncata,  (Cooda)  Breb. 

M.  magna,  orbicularis,  ant  Isevis  aut  subtiliter  punctata;  semicellulis  quinqnelobis,  lobis  inter 

se  sinu  obtusangulo  siibangusto  discretis,  basalibus  et  intcrmediis  inciso-lobulatis,  segmentis 

acute  bidentatis;  lobo  polari  late  cuueato,  in  dorso  truocato,  modo  leviter  convexo,  modo 

leviter  retuso,  angulis  aut  bidentatis  aut  integris.  (R.) 

2>tam.— 0.003"     Long.  .0036". 

Syn. — Jf.  Iruncata,  (Cokda,)  Breeisson.     Rabenhorst,  Flora  Europ.  Algarum,  Sect.  III.  p. 

191. 
Hab.— Georgia. ;     Florida;    Rhode  Island;    Bailey.     Pennsylvania;   Wood.       Rhode  Island 

(S.  T.  Olney);  Thwaites. 
Frond  orbicular,  smooth;  segmenta  5-lobed ;  basal   and  middle  lobes  obscurely  bipartite,  ex- 
tremities bidentate ;  end  lobe  very  broadly  cuneate,  bidentate  at  the  angles,  and  with  a  slightly 
central  concavity.  (A.) 

Hemarks. — The  dimensions  given  above  were  taken  from  the  largest  specimens 
I  have  seen,  but  do  not  at  all  equal  those  given  by  Prof.  Rabenhorst,  his  breadth 
is  .0011".  According  to  the  same  authority,  M.  crenata,  Breb.,  is  merely  a  variety 
of  this  species. 

Fig.  15,  pi.  21,  represents  the  outline  of  a  frond  of  this  plant. 

m.  rurcata,  Ag. 

M.  perraagna  paulo  longior  quam  lata,  ievis ;  semicellulis  quinque  lobis  fpsene  T-lobis)  ;  lobia 
omnibus  rectia ;  lobis  hasalibus  angastioribaa,  bilobulatis,  lobulis  bifidis,  sinu  obtusangulo 
vel  aeutangulo,  segmentis  lineari bus  bidentatis  (denticulis  ssepe  inseqnilongis) ;  lobia  inter- 
mediis  duplo  latioribus,  inciso-bilobis,  lobulis  iisdem  ac  loborum  basalium ;  lobo  polari  non- 
nihil  anguste  cuneato,  proniinulo,  in  apice  plus  minus  profunde  sinuato-vcl  undulato  inciso, 
angulis  bidentatis. 

Diam.— i|g/  =  .008". 

Syn. — M.  rotata,  Eal^s,  British  Desmidiea;,  p.  71. 

M.  /areata,  Agakdh.     Rabenhorst,  Flora  Europ.  Algarum,  Sect.  III.  p.  101. 

Sab. — South  Carolina;  Georgia;  Florida;  Rhode  Island  ;  Bailey.     New  Jersey;  Wood. 

M.  very  large,  a  little  longer  than  broad,  smooth ;  semicells  5-lobed  (scarcely  7-lobed)  ;  lobes 
all  straight ;  basal  lobe  narrower  than  the  intermediate,  bilobulate,  lobules  bifid,  their  sinuses 
acute  or  obtuse,  segments  linear,  bidentate  ;  teeth  often  long  and  unequal ;  intermediate  lobes 
twice  as  wide  as  the  basal,  bilobate,  their  lobules  of  the  same  form  as  the  basal  lobe  ;  end 
lobes  narrowly  cuneate,  prominent,  more  or  less  profoundly  sinuately  or  undulately  cut  at 
the  apex,  angles  bidentate. 

Bernard. — According  to  Eabenhorst  and  others,  there  is  a  European  form  of 
this  species   in  which   the  marginal  teeth  are  wanting.     This  may  exist  in  this 
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country,  but  I  have  never  met  with  it.  All  the  specimens  which  have  come  under 
my  notice  were  obtained  in  "  Shepherd's  Dam,"  near  Greenwich,  Cumberland 
County,  New  Jersey.  None  of  them  were  as  large  as  the  maximum  of  the  European 
measurements  of  which  Ilabenhorst  gives  0.0109"  as  the  diameter. 

Fig.  5,  pi,  13,  represents  a  frond  of  this  species,  magnified  260  diameters. 

m.  denticulata,  BbEb.  ? 

M.  permagna,  paalo  longior  quara  lata,  Itevis;  semicellulia  quinquelobiB  (patno  9  lobis)  ;  lobis 
intermediia  et  basalibus  simillimia,  bilobatis,  lobalia  item  in  lobulis  bifidis  duobus  divisis ; 
lobo  polare  angusto,  coneato,  in  apice  plus  minus  inciao;  margine  minute  denticulato. 
Diam. — Lat  .0092".     Long.  .011." 

8yn. — M.  denticulata,  BeSbisson.     Ralfs,  British  Desmidiese,  p.  70,  et  Archek,  Pritchard's 
Infusoria. 
M.  denliculala,  Br£bisson.  ?    Kabenhorst,  Flora  Europ.  Algarum,  Sect.  III.  p.  192. 
Si6.— Pennsylvania;  Wood.     Florida;  Bailey. 

Tery  iai^e,  a  little  longer  than  broad,  smooth;  Bcmicells  with  five  lobes  (scarcely  9);  basal 
and  intermediate  lobes  alike  bilobate,  lobules  also  divided  into  two  bifid  lobules;  end  lobe 
narrow,  wedge-shaped,  more  or  leas  incised  at  its  apex ;  margin  minutely  denticulate. 

Remarks. — Prof.  Eabenhorst  gives  M.  denticulata,  Breb,  as  merely  a  variety  of 
M.  furcata,  Ag.,  stating  that  it  only  differs  from  the  latter  in  the  marginal  incisions 
and  teeth.  Not  having  access  to  the  original  description  of  Brebisson  I  cannot 
express  an  opinion  as  to  whether  Prof.  E.  is  correct  or  not,  but  the  specimen  from 
which  the  above  description  was  drawn  up  (and  which  is  figured  on  plate  13)  cer- 
tainly differs  from  M.  furcata  very  essentially  in  the  arrangement  of  its  lobes,  and 
is,  I  feel  confident,  M.  denticulata,  Breb.  of  Ealfs  and  Archer. 

Fig.  6,  pi.  13,  is  a  drawing  of  this  plant,  as  seen  by  myself,  magnified  260 
diameters. 

M*  radiosa,  Aa 

M.  maxima,  orbicularis,  Iffivis,  antecedenti  Bimilliraa,  differt  inprimis  segmentis  nltimis  tumidis 
in  apicera  bi-tri-fidum  attenuatis,  lobo  polari  vix  prominuJo,  apice  ainuato,  ad  otrumque 
angulum  bi- tri- dentato.  (R,)     Species  mihi  ignola. 

Dttim.— 0.0076".  (R.) 

Syn. — M.  radiosa,  Agardii.     Rabenhorst,  Flora  Europ.  Algarum,  Sect  III.  p.  192. 

Hob. — Florida;  Bailey. 

Frond  orbicular,  smooth  ;  segments  5-lobed ;  basal  lobes  twice,  middle  lobes  generally  thrice 
dichotomous,  ultimate  subdivisions  inflated,  attenuate  towards  the  eud,  bidentate;  end  lobes 
emarginate,  ita  angles  dentate.  (A.) 

M,  fimbriala,  Ralfs. 

M.  magna,  orbicularis,  lievis  (nonnunquam  saperficie  aculeis  singulis  sparsis);  semicellnlis 
quinquelobis,  lobis  omnibus  confertis,  basalibus  angustioribus,  repetito  bilobulatis,  lobis  inter- 
mediis  duplo  latioribus,  repetito-bilobnlatis,  laeinulis  extremis  leviter  eraarginatis,  in  angulis 
Bpini'3  elongatis  armatis;  lobo  polari  prominulo,  in  apice  obtuse  sinuato-Tel-undulato-emar- 
ginato,  angulia  lateralibus  rotund^is,  ad  raarginem  superiorem  spiuia  singulis  vel  geminis 
obsito  (rarius  nudo).  (R.)     Sj'^'cies  mihi  ignota. 

19       AugUBt,  1873. 
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Diam.—  OOol"— .00^8".  (R.) 

Sgn. — M.  Jimbriata,  Ralfs,  British  Desmidiua;,  p.  11,  et  IUbenhokst,  Flora  Europ.  Algarum, 
Sect.  III.  p.  193. 

Eab. — South  Carolina;  Florida;  Bailey, 

Frond  orbicular,  smooth;  segmenta  5-lobed,  basal  lobes  twice,  middle  lobes  thrice  dichotomons; 
ultimate  subdivisions  acutely  bidentate;  end  lobe  very  slightly  exserted,  its  angles  very 
slightly  produced,  bidentate,  ends  emarginate.  In  transverse  view  is  seen  an  inflated  pro- 
tuberance just  over  the  central  isthmus,  whicli  may  possibly  exist  in  other  species  of  Micros- 
terias.  (A.) 

M.  papillifera,  Br£b. 

M.orbicalaris,  superficie  Isevig,  margine  extrerao  dentato  papillifera;  semicellulis  quinquelobis; 
lobis  basalibus  et  intermediis  requilatis,  bilobatis ;  lobulis  bifidis,  laciniis  linearibus  bidcntatis, 
dentibus  papilliferis ;  lobo  polari  vix  prominulo,  in  apice  sinuato,  angulis  et  marginc  dentato- 
mucronatis.   (R.)     Species mihiignota. 

2)iam.— 0.0045".  (R.) 

Syn.-~-M.  papillifera,  Br6btsson.  Ralfs,  British  Desmidics,  p.  12,  et  Rabenhorst,  Flora 
Europ.  Algarum,  Sect.  III.  p.  194. 

iTab.— Florida;  Rhode  Island ;  Bailey. 

Frond  orbicular,  having  the  principal  sinuses  bordered  by  a  row  of  minute  granules,  otherwise 
smooth  ;  segments  5-!obed  ;  basal  and  middle  lobes  twice  dichotomous,  their  ultimate  shal- 
low subdivisions  terminated  by  two,  sometimes  three,  gland-like  teeth;  end  lobe  emarginate, 
its  angles  dentate.     Sporangium  as  in  M.  denticulata,  but  considerably  smaller.  (A.) 

M.  {^ranulata,  "Wood  (sp.  nov.) 

M.  magna,  suhorbicularis,  arete  granulata  ;  semicellulis  quinquelobis,  lobis  inter  se  sinu  angusto 

discretis,  basalibus  et  intermediis  plerumque  integris,  lobo  polari  supra  valde  dilatalo,  in 

dorso  medio  Icviter  retuso  ;  marginibus  valdc  crenatis. 
Z>mm.— Long.  ^1^/'  =  .0043".     Lat.  TSo%ff"  =  0036". 
ffab. — South  Carolina,  (Raveael) 
Large,  suborbicular,  closely  granulate ;  semicells  5-lobed,  lobes  separated  by  narrow  sinuses; 

basal  and  intermediate  lobes  mostly  entire;  end  lobe  distally  broadly  dilated,  broadly  and 

very  shallowly  emarginate  ;  margin  of  frond  strongly  crenate. 

Remarks. — The  only  specimens  of  this  species  that  I  have  seen  were  collected  by 
Prof.  Ravenel  in  a  shallow  ditch  near  Aiken,  South  Carolina,  where  they  formed  a 
greenish,  gelatinous  mass,  with  numerous  desmids  and  diatoms.  It  is  most  closely 
allied  to  M.  truncata,  from  which  it  is  separated  by  its  entire  lateral  lobes,  by  its 
granulated  surface,  and  its  crenated  margins.  It  also  does  not  apparently  attain 
as  large  a  size  as  that  species.  The  granules  are  very  small  in  the  central  portion 
of  the  frond,  but  become  larger  as  they  approach  the  margin, 

rig.  16,  pi.  21,  represents  an  empty  frond  of  this  species,  magnified  460  diam- 
eters. 
Id.  Jenneri,  Ralfs. 

M.  magna,  oblonga,  plerumque  subtilitcr  granulnta;  semicellulis  quinqnelobis ;  lobis  basalibus 
et  intermediis  tequilatis,  confertis,  euneatis,  bilobulatis ;  lobo  polari  late  tmncato  vel  lata 
rotundato,  in  medio  interdum  levlter  et  obtuse  emarginato,  intcrdura  nonnihil  profunde  emar- 


ginato. 


■5  03   T2Ci03     ■ 


-.ooea".    Long.  ,«5g"_^//^/  =  .oo62"— .oosr'. 
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Syn. — M.  Jenneri,  Ralfs,  British  DesmidieB3,  p.  T6. 

JJafi.— Prope  Pliiladelphia  ;  Wood.     South  Carolina  ;  (Bavenel) 

Large,  oblong,  for  the  moat  part  finely  granaJate  ;  semicells  5-lobed ;  lobes  wedge-shaped  ;  basal 
and  intermediate,  about  eqnallj  broad;  end  lobe  broadly  truncate  or  broadly  rounded,  in  the 
middle  sometimes  slightly  and  obtusely  emarginat«,  sometimes  rather  deeply  emarginate. 

Remarks. — I  have  found  this  species  near  Philadelphia,  and  also  received  it  from 
Prof.  Eavenel,  by  whom  it  was  collected  in  South  Carolina.  The  American  plant 
differs  from  the  typical  form  in  not  having  the  ultimate  lobules  emarginate,  they 
being  merely  a  little  hollowed  out  in  the  centre,  and  sometimes  scarcely  this.  The 
angles  in  some  specimens  are  also  more  acute.  Mr.  Archer,  however,  speaks  of  a 
variety  occurring  in  England,  in  which  these  lobules  are  not  etnarginate,  and  I  do 
not  think  characters  can  be  found  separating  the  American  from  the  European 
forms.  The  median  suture  is  in  all  the  specimens  very  narrow  and  deep,  a  piere 
line,  as  it  were, -extending  nearly  to  the  centre. 

Eig.  7,  pi,  13,  represents  a  frond  of  this  species. 

Iffl.  Torreyi,  Bailey. 

M.  pcrmagna,  oblongo-orbicularia,  Ifevia,  profnndissime  lobata;  semieellnlis  quinquelobis,  lobls 
basalibus  profunde  bifidis,  laoiniia  inferloribus  apice  bidentatis,  superioiibus  integris,  lobis  in- 
termediis  profunda  triSdia,  laeiniis  superioribus  bidentatis,  inferioribus  integris,  lac.  omnibus 
laneeolatis  acuminatis,  inferioribus  paulum  incurvis,  superioribua  rccurvia  ;  lobo  poJari  non 
prominente,  e  basi  angasta  sonsim  dilatato,  in  vertice  acute  sinuato,  angulis  integris  acumin- 
atis. (R.)     Species  mihi  ignola. 

Syn. — M.  Torreyi,  Bailey.     Ralfs,  Bvit,  Desmidioffi,  p.  210. 

Sab. — Prope  Princetown,  If  ew  Jersey ;  Bailey. 

Frond  smooth  ;  segments  5-lobed  ;  basal  lobes  bifid,  middle  lohea  trifid,  the  subdivisions  nearest 
the  opposite  segments  and  those  nearest  the  terminal  lobo  bidentate  at  the  apex ;  the  inter- 
mediate three  terminating  in  acute  points;  all  somewhat  infiated  and  tapering ;  terminal 
lobe  narrow,  not  esserted,  spreading  at  the  angles  into  divergent  tapering  points,  ends 
slightly  emarginate.  (A.) 

ITI.  foliacea,  Bailey. 

M.  parva,  subquadrata,  Itevis;  semieellulis  trilobis,  I ob Is  lateral ib us  profunde  bifidis  (unde  rec- 
tior  semicell.  quinqnelobie),  lobulis  inseqnaliter  iuciso-dentatis,  lobulis  inferioribus  rectia, 
superioribus  rccurvis;  lobo  polar!  plus  miDus  prominente,  anguste  cuneato,  in  vertice  plus 
minusve  emarginato,  angulis  aut  acutis  integris  aut  prodacti a,  bidentatis.  R.  Species  mihi 
ignola. 

Syn. — M./oliacea,  Bailey.     Ralfs,  British  Desmidiese,  p,  210, 

Sab. — "  Worden's  Pond,  Rhode  Island ;  Bailey. " 

Frond  subquadrate,  smooth ;  segments  3-Iobcd;  lateral  lobes  deeply  bipartite,  inciso-dentate, 
their  margins  concave,  inciso-serrate ;  end  lobe  broad,  cuneate,  and  exserted,  bipartite  at  the 
angles,  the  subdivisions  narrow,  and  minutely  dentate  at  the  extremities ;  end  concave,  (A.) 

Genus  STAUKASTRUM,  Meyen. 

Cellulfe  libere  natantes,  in  medio  plus  minus  profunde  eonstrictse  ;  scmicellulae  a  vertice  3-6  angn- 
lares  vel  radiatEe.  Cytioderma  aut  Iffive  aut  punctatum  aut  verrucosum  aut  aculeatum,  nonnuDqaam 
ciliis  vel  pilia  ohsessum. 

Colls  swimming  free,  more  or  less  profoundly  constricted  in  the  middle;  semicells  when  seen 
from  the  vertex  3  to  fi  angular  or  radisrie.  Cytioderm  either  smooth  or  punctate,  or  verrucose  or 
aculeate,  sometimea  covered  with  hairs  or  cUia. 
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A.    Cytioderma  LMVE  VEL  BARISSIME  SUBTILITEK  PUNCTATUM. 
Cytiodekm  smooth  on  veey  rakely  veey  finely  punctate, 

1.  Semicellularum  anguli  rotundati. 
Angles  of  the  semicells  rounded. 

St.  muticum,  B&tB. 

St.  a  fronte  orbiculare,  Iseve,  profunde  constrietum,  nudum,  vel  muco  plus  mimisve  firmo  invo- 

Intnm  ;  semicellulis  ellipticis,  a  vertiee  conspectis  3-4  angularibus  (rarius  quinquangalaribus) 

angnlis  rotuiidatis,  lateribus  Icviter  sinuato-retusis ;  zygosporia  aculeatis,  aculeis  elongatis, 

subuJatis,  forcatim  fiseis.  (R.)     Species  mihi  ignota. 
iJiam.— 0.0013"— 0.000141".  (R.) 

Syn. — S.  mutieum,  BufeBissoN,     Rabenhorst,  Flora  Europ.  Algar.,  Sect.  III.  p.  200. 
Sab. — South  Carolina ;  Rhode  Island  ;  Bailey. 
Segments  in  f.  v.  elliptic,  smooth,  without  spines;  e.  v.  with  three  or  four  broadly  rounded 

angles,  sides  concave.     Sporangium  beset  with  uumerons  elongate  somewhat  stout  spines, 

forked  at  the  apex.   (A.) 

S(.  orbiculare,  (Ehbb,)  Ralfs, 

St.  snborbiculare,  Iffive,  sfepina  muco  matrieali  involutum  ;  semicellulis  divergentibus.  semi, 
orbieularibna,  dorso  nonnunquam  elevatis,  angulis  plus  minus  late  rotundatis,  lateribus  plus 
minus  ainuato-retusis ;  zygospoiaram  aculeis  elongatis,  subulatis,  integris.  (R.) 

Diam— .002". 

Syn. — St.  orbiculare,  (Ehrb.)  Ralfs,  British  Desmidiese,  p.  125.  Rabenhorst,  Flora  Europ. 
Algarujn,  Sect.  III.  p.  200. 

^a6._Rhode  Island;  Bailey.     Pennsylvania;  Wood.     Rhode  Island;  (S.  T.  Olney)  Thwaites. 

Segments  in  f  v.  semi  orbicular,  smooth,  without  spines  ;  e,  t.  with  three  broadly  rounded  angles, 
sides  slightly  concave.   (A.) 

Remarks. — Fig.  17,  pi.  21,  represents  the  outline  of  the  end  view  of  a  frond  of 
this  species.     Fig.  8,  pi.  13,  is  a  drawing  of  the  front  view  of  a  living  frond. 

2.  Semicellularum.  anguli  mucronati  vel  aristati. 
Angles  of  the  semicells  mticronate  or  bristly. 

St.  lon^ispinum,  fBAiLEY)  Arcdzr. 

St.  magnum  triangulare,  l^ve,  angulis  in  aculeos  geminos  validos  subulatos  longo  productnm, 

lateribus  subplanum.  (E.)     Species  mihi  ignoia. 
Syn. — Didymodadon  lonyi^pinum,  Bailey,  Microscopical  Observations. 
XIah. — Florida;  Bailey, 
"Large,  smooth,  triangular,  with  two  long  spines  at  each  angle."  Bailey. 

St.  dejectuiii,  Brebisson. 

St.  Iffive,  parvum,  sinu  amplo,  obtusangalo  (vel  acutangulo);  semicellulis  ellipticis  (vel  subtri- 
angularibus),  dorso  nonnihil  convexo,  utroque  fine  in  aculeum  achroum  rectum  vel  varie  eur- 
vatis  productis ;  a  vertice  triangularibus  (vel  qnadrangQlarihus),   angulis  sajpe  rotundatis 
aeuleo  interdum  obsolete  imposito. 
2>iam.— Lat.  .^JSo"— nrVW  =  O008"--.001".     Long.  raW'— T^t^tr"  =  •  0008"— .0001". 
Syn. — Stauraftrum  Rectum,  Br£bis30N.     Rabenhorst,  Flora  Eiirop,  Algarum,  Sect.  IIL 
p.  203. 
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//a6._South  Carolina  ;  (Ravenel)  Wood. 

Smooth,  small;  sinus  ample,  obtuse  angled  (sometimes  acute  aagled  ?) ;  semieells  elliptic  (or 
subtriangular  ?),  witli  the  dorsum  shghtly  convex,  at  the  angles  with  a  straight  or  curved 
transparent  spino  ;  from  the  vertex  triangular  (or  quadrangular  ?),  augks  often  rounded, 
with  a  sometimes  obsolete  spine  superimposed, 

HemarJcs. — This  species  was  collected  near  Aiken,  South  Carolina,  by  Prof, 
Ravenel,  who  found  it  forming  with  various  diatoms  and  desmids  a  slimy  mass  in 
a  feebly  running  ditch.  It  agrees  very  well  with  the  European  form,  except  that 
it  is  not  so  large  (at  least  the  largest  I  ever  measured  did  not  come  up  to  the 
size  of  their  transatlantic  brethren),  neither  does  it  appear  to  vary  quite  so  much. 
In  the  description,  I  have  placed  in  brackets  those  characters  in  which  the  European 
form  varies,  and  the  specimens  I  have  seen  do  not. 

Fig.  18,  pi.  21,  represents  outline  of  end  of  a  semiceU,  magnified  750  diameters. 
Fig.  9,  pi.  13,  a  front  view,  and  9  a  the  end  view,  of  the  living  froud,  magnified 
diameters. 

St.  aristiftrum,  Ualfb. 

St  Iteve,  St.  cuspidatura  quodammodo  simile,  et  eadem  magnitudine  sed  iathmo  destitutum; 
semicellnlia  tumidis,  in  media  parte  subrotundatis,  lateralitor  in  lobum,  bas£  constrictum, 
apice  aristatnm  productis,  lobis  d  i verge ntib us,  a  vertice  tri-quadrilobo-radiatis,  radiis  strictia 
ajqaidistantibus  ernciatim  dispositis,  iuterstitiis  profuade  excisis.  (K.)   Species  mihi  ignota. 

Diam. — Incl.  ariat.  O.OOU".    (R.) 

Si/n. — St.arisHferum,  Ralis,  British  Desmidiete,  p.  123.  Rabenhorst,  Flora  Europ.  Algarum, 
Sect.  III.  p.  204. 

Hob. — Georgia  ;  Rhode  Island  ;  Bailey. 

Segments  smooth,  in  f.  t.  prolonged  at  each  lateral  extremity  into  amamilJate  projection,  which 
is  terminated  by  a  subulate,  acute  straight  awn,  tlie  awas  divergent,  e.  v.  with  three  or  four 
angles ;  angles  inflated  mamillate,  terminated  by  an  awn,  sides  deeply  concave  in  the  centre. 
(A.) 

St.  rewisii,  Wood. 

Stlseve;  sinu  ampiissimo,  spinulo  parvo  armato  et  cum  angulo  obtuso ;  isthmo  nullo;  semi- 
cellulis  a  fronte  late  triangularibus,  a  vertice  triangular ibua  et  cum  angulis  nonnihil  tuoiidis, 
et  rotundatis ;  angulis  spino  masimo,  robusto,  acuto  armatis. 

Diam. — Long.  cum.  spin.  ^J^"  ==  .0025"  ;  lat.  cam.  spin.  t^Vbh"  =  ■00225".  Sine  spin. :  long. 
bJb"  =  . 001666";  lat.  t2sW       -001666".  Spin.:  long,  ^^lisj"  =  .000666" 

Syn.—St.  Letmsii,  Wood,  Proc.  Acad.  N.  S.  1810. 

ffab. — InlacuSaeo;  (Lewis)  Wood. 

Smooth,  with  a  very  ample  sinus,  which  is  armed  with  a  small  spine  and  has  a  very  obtuse 
angle ;  isthmus  absent ;  semieells  from  the  front  broadly  triangular,  from  the  vertex  trian- 
gular, with  the  angles  somewhat  tumid  and  rounded;  angles  armed  with  a  very  large  acute 
robust  spine. 

Remarks. — This  desmid  is  most  closely  allied  to  St.  aristi/erum,  Ralfs,  but  differs 
from  it  in  outline  as  seen  from  the  front,  there  being  no  mamellation  of  the  ends. 
The  spines  in  the  sinuses  are  always  wanting  in  the  European  species. 

Fig.  19,  pi.  21,  represents  the  outline  of  the  end  of  a  semicell,  magnified  750 
diameters.  Fig.  11,  pi.  13,  represents  the  perfectly  formed  frond,  magnified  750 
diameters. 
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B.  Oytioderma  GSANULATUM  VEL  verrucosum. 

Cytiodeem  granulate  ok  warty. 
1.    Semicellulm  a  verlice  3-7  angulares;  anguliplus  minus  radiatim  elongali. 

Semicells  seen  from  the  vertex  3-7  angled;  angles  more  or  less  radioiely  produced. 

St.  mar^aritaceum,  Ehsb. 

St.  mediocre,  granulatura ;  semicellulis  convergentibus,  subfuaiformibns,  in  medio  tumidia, 
ntrinque  produetis,  truncatis,  a  vertice  orbicularibus,  5-7  radiatia,  radiia  obtuse  trnncatia 
achrois,  hyalinis,  granulato-margaritaceis.  (R.)     Species  mihi  ignota. 

ZImm.— 0.00135"— O.OOIT".   (K.) 

Si/n. — St.  margaritaceum,  (Ehee,)  Menegheni.  Rabenhorst,  Flora  Europ.  AJgarum,  Sect. 
III.  p.  306. 

Sab. — South  Carolina;  Georgia;  Florida;  Rhode  Island ;  Bailey. 

Segments  in  f.  v.  gradually  widening  upwards,  rungh  with  pearly  granides,  outer  margin  con- 
vex, produced  at  ea«h  side  into  a,  colorless,  more  or  less  attenuate,  short  prccess,  having  the 
granules  in  transverse  lines,  blunt  and  entire  at  the  apex,  e.  v.  circular,  bordered  by  from  five 
to  seven  short,  narrow,  obtuse,  colorless,  granulate  marginal  rays.     (Archer.j 

St.  dilatatuin,  Ehrb. 

St,  parvum,  granulatum  ;  semicellulis  reetis,  cylindrico-fusiformibus,  non  tumidis,  utroque  fine 
obtuais  vel  subtruucatis,  a  vertice  3-4-5  radiatis,  radiia  latioribns,  truncatis  vel  rotundatia, 
achrois,  hyalinis,  granulato-margaritaceis.  (R.)    Species  mihi  ignota. 

2Jmm.— 0.0008"— O.OOII".   (R  ) 

Var.  alternans. 
Semicellulis  cllipticis  reetis,  utroque  fine  rotnndatis,  a  vertice  triradiatia,  radiis  obtusis,  alter- 
nantibus  cum  semicellulse  inferioris.  (R.) 

Var.  tricorne. 

Semicelluhs  fusiformibus,  nonnunquam  in  medio  subtumidis,  hand  raro  isthmo  distincto  coa- 
junctis,  a  vertice  3-4  angularibus,  anguhs  truncatis  vel  obtusis,  plus  minus  radiatim  pro- 
duetis. (R.) 

Sab. — Georgia;  Florida  ;  Rhode  Island;  Bailey. 

Syn. — S-  aUemans.  BRfiEisaoN.  Var.  altemans  et  tricorne.  Rabenhorst,  Flora  Europ. 
Algarum,  Sect.  III.  p.  207. 

Remarks. — Prof.  Rabenhorst  considers  St.  altemans  and  tricorne,  as  simple  varie- 
ties of  Si.  dilatatum,  whilst  both  Archer  and  Ralfs  describe  them  as  distinct.  I 
have  not  seen  either  of  them,  and  am  not  therefore  entitled  to  offer  an  opinion. 
Mr.  Archer  describes  the  two  species  as  follows: — 

St.  alter  nans,  Br&b. 

Segments  in  front  view  elliptic  or  oblong,  two  or  three  times  as  hroad  as  long,  separated  by  a 
wide  sinus,  twisted,  unequal;  rough  with  very  minute  pearly  granules;  c.  v.  with  three 
obtuse  and  rounded  angles,  forming  short,  not  colorless  rays,  alternating  with  those  of  the 
other  segments,  sides  concave.     L.  ywsj"-    ^^-  Ti'sff"- 

St.  tricorne,  Buts. 

Segments  in  f  v.  somewhat  fusiform,  often  twisted,  rough  with  minute  puneta-like  granules, 
tapering  at  each  side  into  a  short,  usually  colorless  process,  blunt  or  divided  at  the  apex  ; 
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e.  V.  tri-  or  qu ad ri radiate,  processes  short,  usually  colorless,  sides  somewhat  concave.     Spo- 
raugium  orbicular,  beset  with  spines  ultimately  branched  at  the  apex.     L.  xaVs" — sJs"- 
B.  ^h". 
2.  Semicellulas  triangulares  ;  anguli  non  producti,  obttisi  vel  rolundati. 
Semicells  triangular;  the  angles  not  produced,  ohluse  or  rounded. 

Ht.  puilCtulatuiil,  BKi:B. 

St  parvum,  punetulato-granulosum ;  serarcellulis  enormiter  ellipticis,  dorso  late  rotnndatis,  a 

vertiee  triangularibus ;  angulis  non  productis,  obtuse  rotundatis;  lateribua  modicc  retusia. 
Diam. — Lat.  , 255"  =.0012". 
Syn. — S.  punctulalum,  BRfiBissoN.     Ralfs,  British  Desmidiesc,     Rabenhokst,  Flora  Europ. 

Algarum,  Sect.  III.  p.  208. 
Sab. — ^Pennsylvania  ;  Wood. 

Small,  pnnetulate-granulate ;  semicells  irregularly  elliptic,  with  the  dorsum  broadly  rounded 
from  the  vertex  triangular ;  angles  not  produced,  obtusely  rounded  ;  sides  somewhat  retuse. 

Remarhs. — This  desmid  is  exceedingly  common  around  Philadelphia,  growinj:; 
in  the  greatest  abundance  upon  the  face  of  wet  dripping  rocks.  It  is  represented, 
fig.  10,  pl.l3. 

St.  Crenatum,  Bailey. 

St.   duplo  ciroiter  longius  qnam  latum,  in  medio  utrlnque  exsectione  profunda   rotundata ; 

semicellulis  e  basi  cnneata  flabelliformibua,  margine  superiore  erenatia,  a  vertiee  triangularibus, 

ang\ilis  Yotonda-to-tnmcatia,  creuatia,  lateribua  aiuuatis  glabris.  (R.)     Species  inihi  ignota. 

Si/n.St.  crenatum,  Bailey.     Ralfs,  British  Desmidiete,  p.  214.     Rabenhorst,  Flora  Europ. 

Algarum,  Sect.  III.  p.  220. 
"  Segments  cuneate ;  outer  margins  crenate ;  end  view  with  three  truncate  and  erenate  angles." 
3.   Semicellulm  verlice  3-1  radiate  ;  radii  in  apice  plerumque  U-  tri-  fidi  vel  bi-  tri-  spini. 
Semicells  3-1  radiate  at  the  vertex  ;  radii  bi-  or  tri-fid,  or  U-  or  Iri-spinous  at  the  apex. 

St.  polymorphum,  Bk£:b. 

St.  semicellulis  ellipticis,  snbtiliter  granulatis  vel  tenuisaime  spinnlosis,  in  medio  magis  minusve 
itiflatis,  baud  raro  ventricosis,  rectis,  nonnunquam  incurvis,  utrinque  processu  plus  mmns 
elongate,  lineari,  in  apice  3-4  fido  vel  spinulis  3-4  tenuissimis  instructis,  a  yertice  3-4-5-6-1 
radiatis,  radiis  achrois,  ant  trifidis  aut  rotundatis,  trispinis.   (R.)     Species  mihi  ignola. 

S!/n.—St.  polymorphum,  Br£bisson.  Ralfs,  British  Desmidieffi,  p.  135.  Rabenhoebt,  Flora 
Europ.  Algarum,  Sect.  ITI.  p.  209. 

Diam.— Long.  0.001".     Lat.  0.00081".  (R.) 

ffab. — Florida ;  Bailey. 

Segments  in  f.  v.  broadly  elliptic  or  almost  circular,  roagh  with  minute  grannies  (sometimes 
with  a  few  minute  scattered  Epines),  processes  short,  stout,  tipped  by  three  or  four  divergent 
spines ;  e.  v.  with  three,  four,  five,  or  six  angles  each  produced  into  a  short,  stout  process. 
Sporangium  orbicular,  beset  "with  elongate  spines,  forked  or  branched  at  the  apex.  Archer. 

Var.  cyrtocerum       (^t.  cyrtocerum,  Br^b.) 
Majus,  ad    ^      longu      KcmicelJulis  introrsum  ventrieosis,  dorso  late  rotnndatis,  utrinque  pro- 
cessu elon  at     pie  umque  incurvo  apice  bi-vel  tri-cuspidafo  instructis,  a  vertiee  triradiatis, 
radiis  r  ct        lint     curvatis,  ih  apice  aut  bi-  aut  tri-euspidatis.  (R.) 


Hosted  by 


Google 


152  FRESH-WATER  ALQiE  OP  THE   UNITED    STATES. 

Syn. —  Var.  St.  cystocerum,  Be^bisson.     Rabenhorst,  Flora  Europ.  Algarum,  Stct.  III.  p.  210. 

Hab.—Waoie  Island ;  (S.  T.  Obey)  Thwaites. 

Segments  in  f.  v.  subcuneate,  gradually  widening  upwards,  truncate  at  the  end  margin,  rough 
with  minute  granules,  the  lateral  processes  incurved,  divided  at  the  apex;  e.  v.  triradiate, 
processea  short,  curved,  sides  eligiitly  concave.     L.  5^5".     B.  eJu".   (Archer.) 

St.  parodoxum,  Meyen. 

St.  semicellulis  inflatia,  dorso  rotundatis  vel  rectilinearibus,  anguUs  Bnperioribus  in  radium 
elongatum  achroura  hispidum,  apico  trifurcatim  productis,  Sffipius  radio  asquali  interposito 
a  vertice  tri-  vel  quadriradiatis,  radiis  strictis,  trifnrcatis,  iongitudine  corporis  diam.  tequan- 
tibua  vel  superantibus.    (R.) 

JHam. — Cum  rad.  .0015". 

Syn. — SI.  parodoxum,  Meyen.     Raeenhoebt,  Flora  Enrop.  Algarum,  Sect.  Ill,  p.  310. 

Hab. — lo  lacu  Saco,  New  Hampshire ;  (Lewis)  Wood. 

Somicells  inflated,  dorsum  rounded  or  rectilinear,  with  superior  angles  produced  into  elongate, 
transparent,  hispid  radii  with  trifurcate  apices,  often  furnished  also  with  intermediate  equal 
radii ;  from  the  vertex  three  or  four  radiate,  radii  straight,  trifurcate,  equalling  or  longer  than 
the  diameter  of  the  body. 

Remarhs.—l  am  indebted  to  Dr.  Lewis  for  specimens  of  this  species,  which  he 
collected  at  Saco  Lake. 

Fig,  20,    pi.  21,  represents  the  end  view  of  an  emDty  frond. 

St.  arachne,  Ralfs. 

St.  parvum,  gracile,  gran ulato- asp e rum ;  semicellalis  introrsum  veotricoso-globosis,  angulia 
superioribus  in  comu  gracile,  incurvum,  apice  obtusum,  elongatis,  a  verticc  pentagonis, 
quiuque-radiatis,  radiis  elongatis  linearibus  achrois,  obtusis,  rectis  vel  leniter  curvatis  asperis 
(R.) 

Z)i(8Hi.~Sine  rad.  .0005",  cum  rad.  .00161". 

Syn.— St.  arachne,  Ralis,  British  Desmidiea;,  p.  13G.  Rabenhorst,  Flora  Europ,  Algarum, 
Sect.  III.  p,  210. 

Hab. — In  lacu  Saco,  New  Hampshire,  (Lewis)  Wood. 

Segments  in  f  v.  suborbicular,  rongh  with  minute  granules,  lower  margin  turgid,  outer  convex, 
tapering  at  each  side  into  an  elongate,  slender,  incurved  process  having  the  granules  thereon 
in  transverse  lines,  entire  at  the  apex ;  e.  v.  circular,  bordered  by  five  slender,  linear,  colorless 
marginal  rays. 

Bemarh. — Fig.  21,  pi.  21,  represents  an  outline  of  the  end  view  of  the  semicell. 

St.  gracile^  Ralfs. 

St.  mediocre,  granulato  asperum,  granulis  in  series  transversas  ordinatis;  semicellulis  ventre 
vaide  inflatis,  dorso  truncatis,  angulis  in  comu  rectum  acLroum  gracile  apice  trilidum  pro- 
ductis, a  vertice  triradiatis,  lateribus  sinuatis.  (R.)    Species  mihi  tgnola. 

iJiam.— 0.0022".- (R.) 

Syn.— St.  gracile,  Ralfs,  British  Desmidiese,  p.  136.  Rabenhorst,  Flora  Europ.  Algarum, 
Sect.  III.  p.  211. 

.Saft.— South  Carolina;  Florida;  Georgia;  Rhode  Island;  Bailey.  Rhode  Island;  (OIney) 
Thwaitea. 
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Segments  in  f,  v.  triangular,  ends  truncate,  rough  with  minute  granules,  tapering  at  each  side 
into  elongate,  straight,  slender,  horizontal  processes,  terminated  by  three  or  four  nainute 
spines ;  e,  v.  triradiate,  processes  straight,  sides  concave.  (A.) 

C.  Cytiodehma  pilosum,  spinulosum  vel  aculeatum. 

CyTIODEEM  pilose,  SPIHTJLOSE  OR  THORNY. 

St.  polj'trichuiu,  Perty. 

St.  mediocre,  tam  longum  quam  latum,  profunde  eonstrictum,  sina  acutangulo  ampliato,  super- 
flcie  nadique  setosum  ;  semiccllulls  ellipticis  vcl  eabellipticis,  divergent! bus,  dorso  snbplanis, 
ventre  tumidis,  margino  setoao-ciliatis,  a  vertice  triangular! bus,  angulis  obtusts,  Jateribus 
Bubrectis.  (R.) 

Diam.—j^^,/' =  .0011". 

8yn. — St.  polyirichum,  Pkrty.     Rabenhorst,  Flora  Europ,  Algarum,  Sect.  III.  p.  214. 

Hab. — Prope  Philadelphia  i  Wood. 

Moderately  large,  about  as  long  as  broad,  profoundly  constricted,  with  the  acnte  angled  sinus 
widened,  surface  everywhere  furnished  with  setie ;  semicelis  elliptical  or  subeUiptical,  diver- 
gent, the  dorsum  nearly  plane,  their  belly  swollen,  the  margin  setose-ciliate,  from  the  vertex 
triangular,  the  angles  obtuse. 

Remarlis. — This  desmid  appears  to  be  rare  iu  this  country,  as  it  probably  is  also 
in  Europe.  I  have  seen  but  a  single  specimen,  which  I  found  amongst  other  algse 
near  Chelten  Hills,  north  of  the  city.  It  agreed  in  all  respects  with  the  descrip- 
tion of  Kabenhorst,  as  given  above. 

Fig.  12,  pi.  13,  is  a  drawing  of  this  plant,  also  fig.  23,  pi.  21. 

St,  BaTeneliif  Wood.  (sp.  nov.) 

St.  mediocre,  paulo  longius  quam  latum ;  semicellulis  a  fronts  ellipticis,  a  vertice  triangularibus 
cum  lateribus  convexis  vel  Icniter  retusis  et  angulis  rotundatis;  isthmo  connexivo  subaullo, 
lato ;  sinu  acutangulo  ;  cytiodermate  spinis  acatis,  robustis  nuuierosis  armato. 

i>iam.— Long,  -nsiriiu''  =  0.0014".     Lat.  TirVif"  =  0.001". 

Baft.— South  Carolina  ;  (Ravenel)  Wood. 

Mediocre,  a  little  longer  than  broad ;  semicelis  from  the  front  elliptical,  from  the  vertex  trian- 
gular, with  the  sides  convex  or  slightly  retusc,  and  ihe  angles  rounded  ;  connecting  isthmus 
obsolete,  broad  sinus  acute-angled  ;  cytiodorm  armed  with  numerous  aente  robust  spines. 

Remark. — Fig.  22,  pi.  21,  represents  the  front  view  of  an  empty  frond  of  this 
plant;  fig.  22  a,  the  side  view,  and  fig.  22  h,  the  end,  all  magnified  "750  diameters, 

St.  hirsutuni,  (Ehrb.)  Breb. 

St.  magnum,  tertiam  partem  clrciter  quam  lo      us  quam  latum  plus  minus  dense  spinulosum, 

sinu  plus  minus  linear!,  acutangulo  ;  sem     llul      iate     11  j  t     s  vel  subsemiorbicularibus, 

spinis  tentiibus  strictis  hirsutis,  a  vertice  t    angula    b       ang  1  s  obtuse  rotundatis,  lateribus 

rectis  vel  lenitcr  convexis.   (E.)     Species  n  h    g  ota 

Diam. — Sine  spinis  0.0015".     Zygospor.  0.0022".  (R.) 

Syn. — St.  hirsutum,  (Ehreneero)    Br£bisson.     Rabenhorst,  Flora   Europ.  Algarum,  Sect. 

III.  p.  211. 
ifo6._plorida;  Rhode  Island;  Bailey.     Rhode  Island;  (S.  T.  Obey)  Thwaites. 

20       August,  1S72. 
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8  in  f.  V.  scmiorbicular,  separated  by  a  linear  constriction,  covered  with  very  minute, 
Tevy  numerous  close  set  hair-like  spines ;  e.  v,  with  three  broadly  rounded  angles,  the  spines 
evenly  and  numerously  scattered ;  sides  slightly  convex.  Sporangium  orbicular,  beset  with 
short  spines,  branclied  at  the  apex.  (A.) 

St.  Hystrix,  Ralfs. 

St.  parvum,  tertiara  partem  longius  quam  latum,  angulis  aculeatum  (cieterum  Ikyc),  sinu  acu- 
tangulo ;  semicelluiis  subquadratis,  angulis  late  rotundatis,  dorso  planis,  a  vertiee  3-4  angu- 
larihus,  angulis  late  rotundatis,  plus  minas  dense  acnleatis.  (R.)     Species  mihi  ignota. 

i>iam.— 0,001"— 0.00089".  (R.) 

Byn. — Bt.  Hyslrix,  Raips,  British  Dcsmidicse,  p.  138.     Rabenhoest,  Flora  Europ.  Algarnm, 
Sect.  III.  p.  213. 

ffi6.— Rhode  Island ;  (S.  T.  Oluey)  Thwaites. 

Segments  in  f.  v.  subquadrate,  extremities  somewhat  rounded,  end  margin  nearly  straight,  fur- 
nished with  a  few  scattered,  subulate,  acute  spines,  chiefly  confined  to  the  lateral  extremities ; 
e.  V.  with  three  or  four  broadly  rounded  angles,  the  spines  scattered,  chiefly  confined  to  tlie 
extremities,  sides  concave.     L.  tuV^" — tdW-     E''-  tiV/'^^ust"- 
S(.  Cerbcrws,  (Bailey)  Arcuek. 

St.  parvum,  tam  longum  quam  latum,  sinu  rotuDdato,  superficie  Isevi ;  semicelluiis  oblongis 
utroque  fine  sinuato-truncatis,  angulis  in  acuieum  cuspidatum  productis,  in  medio  sursum  et 
deorsum  prominentiis  geminis  in  acnleum  elongatis  instructis,  a  vertiee  triangularibus,  angulis 
in  apice  truncato-vel  sinuato-bi-euspidatis,  sub  apice  aculeis  geminis  brevibus  prsecUtis.  (R.) 
Species  mihi  ignola. 

Diam.—C\xm.  aoul.  0.00114"— 0.0013".  (E.) 

Syn. — DidymoeladonGerherus,  Bailey,  Microscopical  Observations. 

S(.  Cfere6e7-Ms,  (Bailey)  Archer.     Rabenhorst,  Flora  Europ.  Algar.,  Sect.  III.  p.  215. 

^a6.— Florida ;  Bailey. 

Small,  deeply  constricted,  segments  three-lobed,  lobes  with  four  teeth,  two  of  which  project 
upwards  and  two  downwards  at  each  truncated  angle.   (A.) 

D.    CytIODBEMA    PROCESSIBDS    NUMER0S18,    AriCE    PLERUMCjrE    TRIJNCATIS    ET    UENTATO-I'lSSIa 
HITNITTJM. 
CytIODERM  with    NTJMEROUS    processes,    whose    Al'lCES    ARE    MOSTLY   TllUNCATE    AND   LEN- 
TATELY  TORN. 

SI.  furcigernm,  Breb. 

St,  Talidum,  submagnum,  circltcr  tam  longum  quam  latum,  Iteve  vel  subtiliter  granulatum, 
pierumque  profundissimo  constrict um,  sinu  angusto  linear!;  semicelluiis  oblongo-ellipticis, 
plus  minus  tnmidis,  angulis  in  processus  bifurcum  ant  rectum  ant  divergentem  longe  pro- 
ductis, dorao  processibos  similibus  2,  3,  4,  instructis,  omnibus  processibua  acbrois  granulato- 
dentatis,  granulis  in  series  transversas  ordinatis,  a  vertiee  3-,  4-,  6-,  t-,  S-,  9-angularibus  vel 
radiatis,  angulis  plus  minus  tumidis,  in  processus  crassum  achroum  asperum  in  apico  fissum 
productis,  (R.)     Species  mihi  ignota. 

Long.   Sine  process,   0.0018"— 0.0019" ;  c.    pr.    0.003"'— 0.0032".     Lat.  sine  proc.  0.00185"; 

c.  pr.  0.0027".  (R.) 
Syn — Staurmtrum  furoigerum,  BRdnissoN.     Rabeshoust,  Flora  Europ.  Algar.,  Sect.  III. 
p.  219. 
Didymocladon  furoigerus,  Ralfs,  British  Desmidieaa 
Uoh. — South  Carolina ;  Florida;  Rhode  Island;  Bailey, 
St.  innnitiiiii,  Wood. 

St.  subraagnum,  fere  ^  plo  longius  quam  .atum,  medio  leviter  constrictnm,  semicelluiis  a  fronte 
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enormiter  hexagonia,  angulis  in  processus  rectoa  et  diyergentes  productis,  dorso  prooessibus 
similibus  4-5  instracto ;  semicellulis  a  vertice  polygonis  vel  subovbicularibua  margine  proces- 
sibus  numerosis,  plerumque  0  instructo ;  dorso  processibus  5—8  instructis ;  processibus  omai- 
buB  eimilibns,  granulato-dentatis,  apice  acbroo  simplicibns,  bifurcatis  vel  flssia. 

Diam. — A  vertice  cum  processibus,  tsVbti"  =  .004t5".     Sine  process.  t^Vbit"  =  -002", 

Sf/n. — St.  munitum.  Wood,  Proceed.  Ac.  Kat  Sc,  1869. 

Sab. — In  lacu  Saco,  New  Hampshire ;  (Lewis)  Wood. 

S.  rather  large,  about  one-half  longer  than  broad,  slightly  constricted  in  the  middle;  semicells 
from  the  front  irregularly  hexagonal,  the  angles  prolonged  in  straight  divergent  processes, 
and  the  surface  furnished  with  four  or  five  similar  ones ;  semicells  from  the  vertex  polygonal 
or  suborbicular,  the  margin  furnished  with  numerous  processes,  mostly  about  nine,  and  also 
with  5-8  on  the  dorsum ;  processes  all  similar,  granulato-dcntatD,  their  transparent  apices 
simple,  bifurcate  or  torn. 

Remarks. — This  species  is  most  closely  allied  to  St.  fva-cig&rum,  Ertib.,  from 
■which  it  is  at  once  distinguished  by  the  orbicular  vertex.  The  constriction  between 
the  semicells  is  also  very  different.  In  St.  muniium  it  is  a  gradual,  not  very  deep, 
hour-glass  contraction ;  in  St.  fu/vdgerwn  it  is  very  narrow  and  linear. 

Fig.  13  a,  pi.  13,  is  a  front  view  of  this  plant  magnified  260  diameters ;  fig.  13  h, 
the  end  view  of  the  same. 

St.  eustephanum,  (Ehre.)  Ralps. 

St.  laterum  integrorum  angulis  productis  apice  spinulosis,  spiuularum  furcatamm  corona  media 

doraali.  {R.)     Species  miki  ignota. 
Syn. — Deswidiwm  eustephanum.  Ehrenberg,  Verbreitung  und  Einfluss  der  Mikrosk.  Lehcns 
in  Slid-  ond  Nord-Amerika,  t.  i,  t  23. 
Stauraslrum  eustephanum,  (Ehrb.)  Ralfs,  British  Desmidiess,  p.  215. 
Stephanoxantkium  eustephanum,  Eutzing.     Eabehhdrbt,  Flora  Europ.  Algaruiu,  Sect. 

III.  p.  221. 
Staurastrum  eustephanum,  Ralfs.      Rabeniioest  {loo.  oil.) 
Hab. — West  Point,  New  York  ;  Bailey. 

End  view  triangular  with  sis  emarginate  spines  ou  the  upper  surface;  each  angle  terminated 
by  a  short  ray  tipped  with  spines.  (Ralfs) 

St.  senarinm,  (Ehrb.)  Rales. 

Anteeedenti  simile  sed  laterum  parietlbus  spinulis  furcatls  binis  (sex),  corona  dorsali  senaria. 

(R.)     Species  mihi  ignota. 
Syn. — Desmidium  senarium,  Ehrenberg,  Verbreitung.     T.  IV. 

Stephanoxanthiumsenarium,  Kctzinu.  Rabenhorst,  Flora  Europ.  Algarura,  Sect.  111. 

p.  220. 
Staurastrum.  senarium,  (Ehrb.)  Ralps,  British  Desmidiese.     Rabenuorst,  (loc.  oil.) 
Segments  smooth  in  end  view  with  three  angles,  each  terminating  in  a  short  process  tipped  by 
minute  spines,  without  lateral  processes,  but  with  six  others  confluent  at  their  bases  on  the 
upper  surface,  divergent  and  forked.  (Archer.) 

Genus  XANTHIDIUM,  Ehrb. 

Cellulffi  singnlfe  vel  geminfe  concatenate,  inflato-rotundatse,  profuncle  constvictte ;  semicellulfe 
eompressie,  oblongse,  hemisphsericse  vel  suhquadrangnlares,  eentro  in  tuberculum  rotundatum  vel 
truncatum  et  denticulatum  protuberant  es,  ex  transverso  obi  on  go -rotund  at  ffi.  Cytioderma  firmum 
setis,  acul^s  vel  spinis  eimplicibus  aat  bi-  tri-fnrcato-divisis  armatnm.  Massa  chlorophyllacca 
radiatim  expansa.     ZygosporiE  armatse.   (B.) 
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Cells  single  or  geminately  concatenate,  inflated,  profoundly  constricted  ;  scniicclls  compressed, 
oblong,  hemispherical  or  eubquadrangular,  protruding  in  the  centre  as  a  rounded  truncate  or  den- 
ticulate tubercle.  Cytioderm  firm,  armed  with  setfe,  or  simple,  or  bi-  tri-furcately  divided  spines. 
Cblorophyl  radiately  expanded.     Zygospores  armed. 

Remark. — It  has  so  happened  that  I  have  identified  but  a  single  species  of  this 
genus, 

X.  aculeatam,  Ehkb. 

X.  parvnm,  singuliim,  sparsum,  diametro  ipse  subfequale,  ex  obliquo  ellipsoideum,  diametro 
duplo  loiigius,  constrietiotie  obtusa  lineari,  semicellulis  oblongis  subreniformibiis,  basi  aub- 
pianis,  dorso  late  rotundatis,  tuberculo  central!  minus  eleyato,  truncato,  margine  autem  crenato- 
dentato ;  cytiodermate  undique  aeuleis  subulatis  obsito.  (R.)     Species  mihi  ignota. 

Dwni.— (Sine  aculeis)  0.0025"— 0.0029".  (R.) 

Syn. — Xanthidium  aculealum,  Ehrenberg.     Rabenhorst,  Flora  Europ.  Algarum,  Sect.  III. 

p.  232. 
Bab. — Prope  Savannah,  Gieorgia  ;  Bailey. 

Frond  in  f.  y.  broader  than  long;  constriction  deep,  linear;  segmeats  somewhat  reniform ; 
spines  subulate,  short,  scattered,  chiefly  marginal ;  central  protuberance  cylindrical,  truncate, 
border  minutely  dentate,  (A.) 

X.  Arctiscon,  Ehrb. 

X,  semicellulis  globosis,  binis,  aculeatis,  aeuleis  numcrosis  undique  sparsis  crassis  asperis  apioe 
trilobis.   (R.)     Species  mihiignota. 

Syn. — X  Arctiscon,  Bhrenberg.     Rabenhobst,  Flora  Europ.  Algarum,  Sect.  III.  p,  224. 

Hab. — America  borealie  ;  Ehrenberg. 

Proud  in  f.  V.  about  as  long  as  broad ;  constriction  forming  a  wide  notch ;  segments  narrowed 
at  the  base,  with  broadly  rounded  ends;  spines  numerous,  restricted  to  the  outer  margin, 
scattered,  elongate,  stout,  terminated  by  three  or  four  diverging  points.  (Archer.) 

X.  armatum,  (Er£b.)  Ralfs. 

X.  maximum,  validum,  solitarium  vel  binatim  conjunctum,  diametro  pleruraque  duplo  longius ; 

semicellulis  subcordatis  vel  angulari- rotundatis  tuberculo  central!  subelevato,  truncatti,  mar' 

gine  gran ulato- den tato  prseditis ;  cytiodermate  verrnculoso  et  processibus  ssepius  geminatis 

truncatis  apice  ineiso-farcatis  instructo.  (R.) 
Syn. — Xanthidium  armatum,  (BRfiBissoN)  Ralfs,  British  Desmidieas  et  Rabenhorst,  Flora 

Europ.  Algarum,  Sect.  III.  p.  223. 

Bab. — South  Carolina ;  Plorida ;  Bailey.     Saco  Lalie ;  (Lewis)  Wood. 

Frond  large,  in  f.  v.  twice  as  long  as  broad ;  constrict  n  d  p  1  a  a  g  ents  broadest  at 
the  base  ;  ends  rounded  or  somewhat  truncate ;  spin  s  n  pa  p  n  pally  marginal,  short, 
stout,  terminated  by  three  or  four  divergent  points  ;  nt  al  p  j  t  n  yl  idrieal  truncate, 
the  border  dentate ;  e.  f.  punctate.  Sporangium  la  g  1  ula  w  th  d  i  essed  tubercles, 
perhaps  immature.     L.  -rg^".     B.  ^I/'.  (A.) 

Remark, — Fig.  17,  pi.  13,  is  a  front  view  of  a  frond,  magnified  260  diameters. 

X.  bisenarium,  Bhrb. 

X.  semicellulis  globosis  subangulosis,  binis,  aculeatis ;  aculeis  faseieulatis,  fasciculls  in  qaoris 

globulo  senis.     Species  mihi  ignota. 
Syn. — X.  bisenarium,  Ehrenberg.     Rabenhorst,  Flora  Europ.  Algarum,  Sect.  III.  p.  224, 
X.  BHbissonii) 'RAS.V&.     Archer,  Pritchard's  Infusoria,  p.  tSG. 
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Sab. — America ;  Ehrenberg. 

Frond  in  front  view  broader  than  long ;  constriction  deep,  acute  not  linear  ;  segments  subcllip- 
tic,  sometimes  irregular  spines  subulate,  geminate,  marginal,  central  protuberance  cylindrical, 
truncate  border  minutely  deotate.     L.  (not  including  spines)  jy^".     B.  ^Jj"  to  gj^". 

X.  cristatum,  Bb^b. 

X.  parvum,  Iseve ;  semicellulia  subhfemispherico-reniformibus,  utroque  polo  aculeo  unieo  in- 
curve, ambitu  aeuleis  octo  geminatis,  a  dorso  ovato-ellipticis,  utroque  polo  aculeis  ternis,  ia 
medio  plerumque  aculeo  abbreviato.  (11.)     Species  mihi  ignola. 

i>iam.— 0.00196".  R. 

Syn. — X.  cristatum,  Ee£bisson.  Ralfs,  Eritisb  Desmiiliete,  et  Rabbnhorst,  Flora  Europ. 
AJgarum,  Sect.  III.  p.  224. 

Hab. — South  Carolina ;  Georgia ;  Florida  ;  Bailey. 

Frond  rather  longer  than  broad;  constriction  deep,  linear;  segments  siibrcniform  or  truncate 
at  ends ;  spines  straight  or  curved,  subulate,  marginal,  one  at  each  side,  at  the  base  of  the 
segment  s  litarj  the  others  gemmate,  in  luur  pairi ,  cential  \  rotubei  \a\,f  '.hort,  conical.  (A.) 

X.  coronatuin,  Ehrb 

X.  seraicelluhs  snlgkbosib  binis  aeuleatis  ubique  as^cris  aculeis  cra«sijj  apice  truncatis  triden- 
tato-coronatis  quatuor  utrmque  dorbalibus  uno  utnnquo  liteie  medio  (R.)  Species  mihi 
ignola 

Syn. — X  coronalum,,  Ehbenbeuo,  Verbreitang,  p.  138,  et  Rabenhorst,  Flora  Europ.  Alga- 
rum,  Sect.  III.  p.  224. 
Asteroxanlhium  coronalum,  KvTZiya.     Rabenhobst,  {loo.  cU.) 
Sab. — America ;  Ehrenberg. 
Remarh. — Mr.  Archer  appears  to  think  that  this  species  is  simply  a  form  of 
iSlaurastrum  furdgerum.  (Breb.)  ;  see  Pritchard's  Infusoria,  p.  743. 

X.  fhsciculatuni,  Kubb. 

X,  parvum,  singulum,  constrictione  profunde  lineari ;  cytiodermate  lievi  vel  gubJtevi;  semieel- 
lulis  oblongo-rcniformibus  vel  hexagonis,  diamctro  duplo  longioribus,  ambitu  aculeis  gracilibns 
geminatis  4-6,  a  dorso  cllipticis,  utroquo  polo  aculeis  quatuor  iastrnctis.  (R.)  Species  mihi 
ignota. 

i>iani.— 0.00228"— 0.00256".  (B.) 

Syn. — X/ascicu/a(«7n,EiiEENBEaa.     Rabenhorst,  Flora  Europ.  Algarum,  Sect.  III.  p.  223. 

Sab. — South  Carolina  ;  Georgia;  Florida;  Rhode  Island  ;  Bailey. 

Frond  about  as  long  as  broad;  constriction  deep,  linear;  segments  somewhat  renlform  or  sub- 
hexagonal,  twice  as  broad  as  long,  spines  slender,  subulate  geminate,  marginal,  in  four  or  six 
pairs;  central  protiiberance  short,  conical,  somewhat  truncate.  (A.) 

Genus  AETHEODESMUS,  Ehrb. 

Cellulffi  profunda  constricta) ;  semicellulas  compressfe  aut  oblonga!,  ntroque  polo  acnieo  eubulato 
firmo  instructiB,  aut  quad  rang  nlares,  angulis  in  aculenm  rectum  vel  cnrviim  productis,  a  dorso  vel 
ellipticae  vel  fusiformes.     Massa  ehlorophyllacea  in  fascias  quatuor  radiantcs  disposita.   (R.) 

Cells  profoundly  constricted ;  aemicella  compressed  or  oblong,  furnished  at  each  end  with  a  subu- 
late spine,  or  else  quadrangular  with  the  angles  produced  into  straight  or  curved  spines,  the  dorsal 
aspect,  elliptic  or  fusiform.     Ohlorophyl  iliasses  disposed  in  four  radiating  fascia. 
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liemarks. — I  have  found  only  a  single  undescribcd  species  of  this  genus,  but  the 
following  European  forms  have  been  detected  in  this  country  by  Prof.  Bailey.  The 
genus  appears  to  be,  as  Prof  E.abcnhor&t  says,  scarcely  distinguishable  from  Xan- 
thidium  or  StaaiaUnim 

A.,  octocorni^,  Ehrb 

A.  parvus,  liE\H    con9triLti)Do  lata  cxcavata;  scmicellulia  trapezoideis,  inciso-quadriradiatis, 

radiis  in  atuleum  acutibsimam  stiiLtum  porrectia,  a  latere  elongato-c'.lipticis,  dianietro  fere 

triple  long! on Ij as  utrDque  polo  at-uleuni  s  Dgalum  gerentibus.  (il.) 
Z'tam.— 0.0OU(i5      (E,  ) 
Syn. — Xantkidium,  octocorne,  Ralfs.     Bailey,  Microscopical  Observations,  p.  29. 

Arthrodesmus  octocomis,  Ehrenbebg,     Kabbnhoest,  Flora  Europ.  Algarum,.  Sect.  III. 
p.  223. 
Hah. — Florida;  Rhode  Island  ;  Bailey, 
Frond  smootb,  minute,  about  as   long   as  broad;  conKtriction   a  wide  notdi ;  segments  much 

compressed,  trapezoid,  each  angle  terminated  by  one  or  two  straight,  subulate,  acuto  spines, 

the  iatervals  between  the  angles  concave.   (A.) 

a.  Spine  solitary  at  each  angle.     L.  ysSr"-     ■^-  teVb"-  {^0 

b.  Larger  spines  geminate  at  each  angle.     L.  yoVo"-     ^-  sJ^"-   ('^) 
A.  quadridens,  Wood. 

A.  late  ovalia,  vel  suborbicnlaris,  paulnm  longior  quam  latua,  cum  margine  crenato-undulato ; 
Bemicellulis  nonnihil  reniformihus,  ntroqae  fine   aeuleo  subulato,  niodice  robuato,  acuto,  re- 
curvo,  armatis;  eytioderciate  cum  verrucnlis  paucibus  modice  minutis  in  seriebns  pancibus 
dispositis  instructo;  semicellnlis  a  vertice  acuto  elliptlcis,  ct  cum  margine  crenato  et  super- 
ficie  sparse  verruculosa. 
i)iam.— Lat.  -^^^t,"  =  .0O0T5"  ;  long,  ^^^g^,"  =  .00125". 
Syn. — A.  quadridens,  Wood,  Proc.  A.  N.  S.    18G9. 
Hab. — In  lacu  Saeo,  (Lewis)  Wood. 

Broadly  oval  or  suborhicnlar,  a  Jittle  longer  than  broad,  with  the  mai^in  erenately  undulate ; 

semieells  somewhat  reniform,  at  each  end  armed  with  a  subulate,  moderately  rohnst,  acute, 

recurved  large  spine  ;  cytioderm  with  a  few  smallish  tubercles  arranged  in  tbrce  or  four  rows  ; 

semicella  from  the  vertex  acutely  elliptical,  with  the  margin,  crenate  and  the  surface  sparsely 

warty. 

Hemarks. — This  species  approximates  A.  divergens,  from  which  it  differs  in  the 

arrangement  of  its  granules,  its  attaining  not  one-half  the  size,  and,  I  believe,  in 

the  larger  and  more  robust  spines. 

Pig,  9,  pi.  20,  represents  an  empty  frond  of  this  species. 

A.  Incus,  (Bbeb,)  Hassal. 

A.  parvus  tam  longus  quam  latus,  coQstrictione  liaeari  obtuaa  vel  late  excisa;  scmicellulia 
obi  on  go-quad  ran  gttlaribus,  angulia  exterais  aculeatis,  interuis  rotundatis  inermibus,  aculeis 
longia  singulis  divergentiljus.  (R.) 

jjiani.— Max.  0.00098".     Long.  0.00091".     Spor.  (sitio  acul.)  0.00085". 

Syn. — A.  Incus,  (Bb6bisson)  Hassal,  Fresh-Water  Algse,  p.  35T,  et  Rabenhobst,  Flora 
Europ.  Algarnra,  Sect.  III.  p.  22(5. 

.ffab. — Georgia;  Florida;  South  Carolina;  Rhode  Island ;  Bailey. 

Frond  minute,  smooth,  as  long,  or  longer  than  broad,  constrictions  a  deep  notch  or  sinus;  seg- 
ments with  inner  margin  turgid,  outer  truncate ;  spines  subulate,  acute  ;  sporangium  orbicular, 
spinous;  spines  subulate.  (Archer) 
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A.  conrer^ens;  Ehrb. 

A.  Iffivia  mediocris,  profunde  et  anguste  constrictua,  aculcis  conTcrgentibus  armatus;  semiccl- 

lulis  ellipticis  vel  ovatooblongis,  uonnnuquam  reniformibns,  atroqne  fine  aculeo  longo  firiuo 

inearvo  instructis.  (R,) 
Z)tam.— 0.00185"— 0.0016".   (R.) 

Syn. — A.  convergens,  Ehkenbero.     IIaeenhoest,  Flora  Europ.,  Algarum,  Sect.  III.  p.  227. 
Mab. —  South  Carolina ;  Georgia ;  Florida  ;  Riiodo  Island  ;  Bailey. 
Frond  smooth,  broader  than  long ;  constriction  deep,  acute ;  segments  elliptic,  each  having  its 

lateral  spines  curved  towards  those  of  the  other;  ends  convex.     L.  j^sy" — sbb"    -B-  i^Vt" — 

B^^".    (Archer) 

Family  ZTGNEMAOEjB. 

CellultB  cjlindric£0,  ffiquipolares,  similes,  in  familiaa  filamentosas  arctc  conjuncta;,  ct  cjtioblasto 
centrali  plasmatc  plcrumquo  radiante  involuto,  et  plasmate  chlorophylloao  aut  effuso,  aut  efGgnrato, 
aut  (pkruraque)  in  fasciaa  spirales  ordinato,  et  granulis  amylaceis  instructte.  Filum  simplex.  Pro- 
pogatio  fit  zygosporis  conjugatione  celluKrum  binaium  ortis  Conjugatio  triplici  modo,  aut  lateralis 
aut  scalariformis  yel  gennflexa,     A  egetatio  fit  diviaione  transvcrsali  repetita. 

Cells  cylindrical,  the  same  at  both  end'-  eioscly  conjoined  into  filamentous  families,  furnished  with 
a  central  cytioblast  wrapped  up  m  generally  radiating  protoplasm,  and  with  chlorophylloua  proto- 
plasm effnsed  in  shapeless  masses  or  arranged  in  spiral  filaments,  and  also  with  scattered  starch- 
granules.  Filament  simple.  Propagation  takes  place  by  means  of  zygospores,  arising  from  the 
conjugation  of  two  cells.  Conjugation  occurring  in  three  ways,  lateral,  scalariform,  and  genuflexuous. 
Growth  taking  place  by  means  of  transverse  division  of  the  cells. 

Remarlzs. — The  family  under  consideration  is  among  the  commonest  and  most 
widely  diffused  of  all  the  fresh-water  algae.  In  almost  every  ditch  or  spring,  or 
dripping  moss-covered  rock  representatives  of  it  are  to  be  found,  so  that  wherever 
quiet  water  is  they  may  be  confidently  looked  for.  The  single  filaments  are  so  minute 
that  frequently  the  unaided  eye  cannot  distinguish  them,  but  multiplication  with 
them  is  such  a  rapid  process,  that  wherever  foimd  they  are  in  great  masses.  These 
masses,  when  growth  is  active,  are  of  a  beautiful  intense  green,  glistening  and 
shining  with  the  gelatinous"  matter  which  coats  the  threads  and  makes  the  mass  so 
slippery.  They  may  be  found  in  greater  or  less  abundance  at  all  seasons,  but  as 
the  specific  characters  are  largely  of  sexual  origin,  non-conjugating  specimens  are 
of  little  value.  For  this  reason,  Zygnemas  are  only  worth  gathering  when  in  fruit. 
The  spores  appear  to  be  formed  only  in  the  spring  and  early  summer,  at  least  these 
are  the  only  times  in  which  I  have  found  fertile  filaments.  In  this  neighborhood 
I  have  collected  them  in  excellent  condition  as  early  as  the  beginning  of  April  and 
as  late  as  the  latter  part  of  June.  Further  south,  conjugation  of  course  commences 
earlier,  and  fine  fruiting  specimens  received  by  myself  from  Mr.  Canby  were  col- 
lected in  Florida  by  him  in  February. 

When  conjugating  freely  the  mass  of  Zygnema  or  Spirogyra  loses  its  beautiful 
bright  green  color  and  become  dingy  and  even  brownish,  often  very  dirty  looking. 
The  collector  soon  learns  to  pass  by  the  beautiful  vivid  mass,  as  comparatively 
worthless,  and  fasten  upon  the  pale,  wan,  sickly,  apparently  dying  specimens  as 
prizes  worthy  of  a  place  in  his  cabinet. 

In  the  Zygnemaceai  the  individual  plant,  as  ordinarily  considered,  is  a  filament 
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composed  of  a  varying  number  of  cells  placed,  end  to  end,  all  alike,  and  each  of 
them  apparently  independent  of  its  associates.  Each  cell  in  one  sense  is,  therefore, 
a  perfect,  complete  individual,  capable  of  living  dissociated  from  its  companions. 
How  far  the  life  of  one  of  these  cells  is  influenced  by  that  of  its  neighbors  is  un- 
certain, probably  to  a  slight  extent,  possibly  not  at  all.  At  any  rate,  they  are  so 
far  independent  that  the  filament  is  rather  a  composite  body  than  a  unit  of  life. 
These  cells  are  cylindrical,  with  the  ordinary  cellulose  wall,  which  can  commonly 
be  stained  blue  by  iodine  and  sulphuric  acid,  and  is  often  distinctly  composed  of 
layers,  but  never  has  any  "  secondary  markings,"  each  layer  being  precisely  like 
that  superimposed  upon  it.  Outside  of  the  wall  is  a  jelly-like  sheath,  which  is 
mostly  not  discernible  from  its  thinness  and  transparency,  although  it  no  doubt 
exists,  as  is  proven  by  the  slipperiness  of  the  general  mass.  The  primordial  utricle 
is  always  present.  The  chlorophyl  is  variously  arranged,  most  generally  in  bands, 
either  straight  or  spiral,  sometimes  in  definite  irregular  masses,  sometimes  diffused 
through  the  cell.  Imbedded  in  it  are,  at  certain  seasons,  numerous  minute,  gene- 
rally shining,  granules,  which  are  either  minute  specks  of  starch,  or  little  drops  of 
oil.  Besides  these  there  are  contained  in  it,  especially  in  the  bands  of  chlorophyl, 
more  or  less  numerous  comparatively  large,  oval  or  roundish  bodies,  with  a  distinct 
outline  and  a  deeper  color  than  the  surrounding  portions.  These  masses  are  pro- 
toplasm, dyed  with  chlorophyl-green,  and  are  believed  to  be  especially  active  in 
the  formation  of  starch.  At  times,  iodine  turns  them  simply  brown;  at  others  it 
colors  their  inner  portions  blue  and  their  outer  brown,  showing  them  to  contain 
starch.  The  general  cavity  of  the  cell  is  occupied  by  fluid,  in  which  is  placed  the 
nucleus.  This  is  mostly  single,  but  rarely,  according  to  NEegeli  and  other  authori- 
ties, double,  and  De  Bary  states  that  he  has  seen  three  nuclei  in  a  single  cell.  I 
have  Tievfer  seen  more  than  one,  and  think  that  even  this  is  not  rarely  absent,  having 
certainly  repeatedly  failed  to  demonstrate  its  presence.  It  is  colorless,  often  with 
a  nucleolus,  transparently  bright,  irregular  in  form,  placed  in  the  centre  of  the  cell 
with  numerous  arms  radiating  out  from  it,  some  of  them  ending  within  the  cell, 
others  connecting  it  with  the  primordial  utricle.  De  Bary  states  that  this  nucleus 
occasionally  is  tinged  green  with  chlorophyl,  I  do  not  remember  ever  to  have  seen 
it  so. 

I  have  not  infrequently  seen  numerous  minute  dark  granules,  similar  to  those 
seen  in  Closterium,  scattered  through  the  inside  of  the  cell,  in  active  motion.  Some- 
times they  are  to  be  found  collected  in  vast  numbers  near  the  ends  of  the  cells, 
dancing  and  swarming  about  one  another,  and  passing  off  in  small  streams  from 
one  end  to  the  other,  coasting  along  close  to  the  primordial  utricle,  in  a  word,  ex- 
hibiting precisely  the  same  motions  as  are  so  common  among  the  desmids. 

The  Zygnema  filament  grows  in  length  by  a  process  of  cell  multiplication  by 
division  of  the  simplest  kind.  It  seems  to  be  somewhat  uncertain  whether  the 
nucleus  always  divides  into  two  as  a  part  of  the  process  or  not.  These  plants 
multiply  both  by  the  separation  of  cells  and  their  subsequent  growth,  and,  by 
means  of  resting  spores,  the  so-called  Zygospores. 

The  first  appearance  of  separation  of  the  cells  is  an  evident  disposition  to  the 
rounding  off  of  the  ends  of  the  cells.     The  corners  are  first  rounded  and  separated 
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and  this  continues  until  only  the  centres  of  the  ends  are  in  apposition,  and  in  a 
little  while  even  these  separate.  This  certainly,  at  least,  is  the  process  in  certain 
species ;  but  I  have  thought,  that  in  other  cases  cells  were  separated  by  a  simple 
Splitting  of  the  end  wall,  each  cell  retaining  its  half  of  the  partition. 

The  zygospores  are  produced  by  a  process  of  union  of  two  cells,  to  which  the 
name  of  conjugation  has  been  given.  Very  rarely,  if  ever,  is  there  any  difference 
between  the  cells  before  conjugation,  and  it  has  not  existed  in  any  species  which  has 
come  under  my  notice;  but,  after  conjugation,  the  receiving  cell  is  frequently 
enlarged,  the  other  remaining  cylindrical.  De  Bary,  however,  states  that  he  has 
found  a  small  but  constant  difference  between  the  fertile  and  sterile  cells  of 
Spirogyra  Heeriana. 

The  first  perceptible  change  in  a  cell  about  to  produce  a  resting  spore,  appears 
to  be  a  loosening  of  the  primordial  utricle  from  the  outer  wall,  and  a  contraction 
of  it  upon  the  cell  contents,  which  thus  are  crowded  together  and  more  or  less 
deformed.  Simultaneously  with  this,  or  a  little  after  or  before  it,  the  side  wall  of 
the  cell  is  ruptured  and  a  little  puUulation  or  process  is  pushed  out,  which  directly 
coats  itself  with  cellulose  and  rapidly  enlarges  to  a  considerable  diameter,  at  the 
same  time  growing  in  length  until  it  meets  a  similar  process  pushing  out  from  an 
opposing  cell,  or  has  attained  as  great  a  length  as  its  laws  of  development  will 
allow.  When  two  processes  meet  they  become  fused  together,  the  end  walls  arc 
ruptured,  and  the  contents  of  one  cell  passing  over  are  received  within  those  of  the 
other,  or  else  the  contents  of  both  cells  meet  within  the  connecting  tube  and  there 
fuse  together.  This  is  the  more  common  mode  of  conjugation,  in  which  two  cells 
of  distinct  filaments  become  joined  together  by  a  connecting  tube.  It  is  evident, 
that,  if  the  filaments  are  fertile  to  their  fullest  extent,  there  will  be  as  many  of  these 
connecting  tubes  as  there  are  pairs  of  cells  in  the  filaments,  and  a  ladder-like  body 
will  bo  formed,  the  original  filaments  corresponding  to  the  side  pieces,  the  connect- 
ing tubes  to  the  rounds.  Hence  this  method  of  conjugation  has  received  the  name 
of  ecalariform. 

In  the  so-called  '■^lateral  conjugation"  instead  of  cells  of  different  filaments  join- 
ing, adjacent  cells  of  one  filament  unite  together  to  complete  the  process.  The 
union  of  the  two  cells  appears  to  take  place  in  several  ways.  In  accordance  with 
one  plan  (fig.  1  a,  pi.  14),  connecting  tubes,  pushed  out  from  near  the  ends  of 
the  cells,  grow  for  a  short  distance  nearly  at  right  angles  to  the  long  axis  of  the 
filaments,  and  then  bend  at  a  right  angle  to  themselves  so  as  to  run  parallel  to 
the  filament-cells.  The  ends  of  these  processes  are,  of  course,  opposed  to  one 
another,  and  coming  in  contact  fuse  together  so  as  to  form  a  continuous  tube  for 
the  passage  of  the  endochrome.  Another  method  by  which  neighboring  cells  are 
sometimes  connected  is  by  the  formation  of  coadjacent  pouch-like  enlargements  of 
the  opposing  ends,  and  a  subsequent  fusion  of  these  newly  formed  enlargements 
by  the  absorption  of  the  end  wall  between  them.     (See  fig.  2,  pi.  14.) 

Sometimes  I  think  the  union  of  two  neighboring  cells  is  facilitated  by  a  curved 
neck  forming  to  one  or  both  of  them,  so  that  they  are  bent  at  an  angle  to  one 
another,  and  can  readily  be  unitec^by  means  of  a  straight  tube. 

There  is  still  another  method  of  conjugation,  the  so-called  genvjlexuotis,  in  which, 

21       August,  1873. 
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instead  of  a  connecting  tube  being  formed  as  the  medium  of  union,  two  cells  of 
opposing  filaments  become  sharply  bent  backwards,  so  that  their  central  portions 
are  strongly  thrust  forward  as  obtuse  points,  which,  coming  in  contact,  adhere  and 
allow  of  a  passage-way  between  the  cells  being  made  by  the  absorption  of  their 
cohering  walls, 

A  curious  modification  of,  or  departure  from,  the  ordinary  method  of  conjugation 
is  sometimes  seen,  in  the  union  of  three  instead  of  two  cells.  This  is,  I  think, 
very  rare,  but  has  been  seen  by  Meyen  in  the  genus  Zygnema,  as  well  as  by 
Schleiden  and  De  Bary  in  Spirogi/ra.  I  myself  have  observed  it  once  or  twice  in 
the  latter  genus.  One  of  the  cells  plays  the  part  of  the  female,  receiving  the  con- 
tents of  the  other  two,  so  that  in  it  the  primordial  utricles  of  the  three,  with  their 
contracted  protoplasm,  are  fused  into  a  zygospore. 

The  zygospore,  however  formed,  varies  in  shape,  but  is  mostly  ovcd  or  globular, 
sometimes  cylindrical,  and  when  ripe  is  in  most  if  not  all  species  of  a  dark  brown- 
ish color.  It  is  described  both  by  Pringsheim  and  De  Bai-y  as  having  three  coats, 
but  I  have  frequently  found  it  impossible  to  demonstrate  the  presence  of  all  of 
these,  and  I  believe  that  not  rarely  one  of  them  is  absent.  The  outer  coat  is 
developed  first  and  is  the  thickest  and  firmest.  Occasionally  it  is  double,  i.  e. 
composed  of  two  distinct  layers  or  parts,  as  in  Sp.  proiecta,  in  which  species  the 
outer  of  tliese  layers  is  the  thickest,  firmest,  and  most  evident,  whilst  the  inner 
layer  is  translucent  and  much  less  apparent.  The  second  coat  contains  the 
coloring  matter,  which  is  sometimes  brown,  sometimes  decidedly  yellowisli.  The 
inner  coat  is  not  readily  seen.  It  is  elastic,  thin,  and  is  the  last  of  the  three  to  be 
formed. 

The  principal  contents  of  the  ripe  spore  are  protein  compounds  (protoplasm), 
oil-drops,  starch  granules,  and  pigment.  The  oil  is  generally  much  more  abun- 
dant than  the  starch,  and  not  rarely  the  minute,  bright  drops  entirely  replace 
the  little  granules.  According  to  Prof.  Be  Bary,  the  pigment  frequently,  but  not 
always,  reacts  with  sulphuric  acid,  as  does  that  of  the  fungal  family,  UredinecBy 
striking  with  it  a  deep  blue. 

The  germination  of  the  spore,  both  in  the  genus  Spirogijra  and  Zi/gnema,  is 
very  simple.  The  first  step  is  an  elongation  and  growth  of  the  protoplasmic 
central  mass,  together  with  the  inner  transparent  cellulose  coat,  and  a  consequent 
rupturing  of  the  outer  two  coats,  through  which  the  newly  forming  plant  protrudes 
and  finally  escapes.  In  this  way  in  the  genus  Spirogyra  an  elongated  club-shaped 
cell  arises,  one  end  of  which  is  much  larger  than  the  other  and  contains  all  the 
chlorophyh  Sometimes  a  nucleus  is  perceptible  in  this  cell,  sometimes  it  is  not. 
The  larger  end  now  becomes  cut  off  by  a  partition  wall  from  the  smaller;  if  no 
nucleus  has  been  previously  apparent  it  now  becomes  so,  and  the  first  stage  of 
development  is  completed.  The  filament  after  this  grows  by  a  simple  repetition 
of  the  process  of  division  in  the  larger  end  and  the  cells  formed  ont  of  it.  The 
smaller  end  undergoes  little  or  no  change.  In  the  genus  ZygTiev^a,  the  cell  that 
first  emerges  from  the  germinating  spore  is  a  perfect  one,  similar  in  all  respects  to 
those  seen  in  the  fuldy  formed  filament,  which  is  developed  ont  of  it,  by  a  simple 
process  of  cell  division. 
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Besides  the  true  Zygospores,  Hassall  many  years  since  described  bodies  (Fresh- 
water Algae,  vol.  i.  pp.  132,  156,  170),  which  he  found  in  filaments  of  this  family, 
and  which  resemble  in  aU  respects  ordinary  Zygospores,  but  are  produced  each 
in  a  single  cell  without  any  aid  from  a  second  cell.  He  affirmed  that  he  had 
observed  this  phenomenon  especially  in  two  species,  Spirogyra  mirahilis  and 
Zygtwrna  notahilis.  These  observations  were  doubted  by  some,  whilst  others,  as 
Alexander  Braun,  supposed  that  there  was  a  division  of  the  cell  protoplasm  into 
two  distinct  portions,  and  then  a  conjugation  of  these  within  the  original  ceil,  and 
that  Mr.  Hassall  had  overlooked  these  changes.  Prof.  De  Bary,  however,  states 
that  he  has  seen  a  great  many  instances  of  this  production  of  spores  without  conju- 
gation (all  in  one  species),  and  that  there  can  be  no  doubt  that  Hassall's  obser- 
vations are  substantially  correct,  and  that  no  division  of  the  primordial  utricle  such 
as  was  imagined  by  Prof  Braun  takes  place.  Spores  formed  in  this  manner,  as 
yet  have  not  been  seen  to  develop.  There  is,  therefore,  no  certainty  that  they  are 
capable  of  doing  so.  It  is  possible  that  they  are  merely  the  results  of  abortive 
attempts  at  reproduction,  wanting  the  power  of  development  because  not  fertilized, 

Pringsheim  and  others  have  drawn  from  these  bodies  strong  argument  against 
the  idea,  that  conjugation  is  to  be  looked  upon  at  all  as  a  sexual  process. 

The  arguments  both  for  and  against  regarding  conjugation  as  the  simplest  ex- 
pression of  sexual  life  are  ably  elaborated  by  De  Bary,  Uniersuckungen  iiher  die 
Familie  der  Conjugatem,  p.  57,  to  which  I  must  refer  those  desirous  of  following 
the  subject  further,  contenting  myself  with  expressing  an  agreement  with  the  con- 
clusions there  arrived  at,  namely,  that  in  conjugation  the  first  dawnings  of  sexuality 
are  to  be  found.  Looking  at  it  in  this  light  Prof.  De  Bary  states  his  conviction 
that  the  spores  formed  in  the  manner  last  described,  bear  the  same  relation  to  the 
true  Zygospore  that  the  bud  of  a  Phanerogam  does  to  its  seed,  or  the  Zoospore  of 
an  GiHogonium  docs  to  its  resting  spore. 

Quite  a  number  of  bodies  have  been  described  by  the  older  authorities  as  being 
found  within  the  cells  of  plants  of  this  family,  which  more  recent  observers  have 
proven  to  be  parasitic.  Such  are  the  "  Spermatic  spheres,"  transparent  spheres 
motile  by  virtue  of  vibratile  cilia,  various  monads,  &c.  &c,,  bodies  for  which  it  has 
be™  claimed,  from  time  to  time,  that  tliey  were  sexual  elements,  spermatozoids. 

Genus  SPTROGYRA,  Link. 

Ccllulss  vegctativEe  eylindriciG,  fasciis  ciilorophyllosis  spiralibus  instructs.  Conjagatio  aut  later- 
alis aut  scalaTiformis  aut  et  lateralis  et  scalar iform  is. 

Syn. — Spirogyra  et  Rhynchonema,  KiJTZiMG,  Rabenhoest,  et  auctores. 
Salmacis,  Boky. 

a  (partim),  Hassall. 


Vegetative  cells  cyliniJrical,  furnished  with  spiral  clilorophyl  bands,  Conjujfatioo  either  lateral 
or  scalariform  or  both  latcml  and  scalariform. 

Remarlcs. — The  genus  Spirogyra,  as  defined  above,  has  been  divided  by  Ktitzing, 
Rabenhorst,  and  others  into  two  genera,  the  chai^cters  being  drawn  from  the 
method  of  union  of  the  conjugating  cells;  in  the  one  case  the  neighboring  cells  of 
a  single  filament  {Rhynchonema),  in  the  other  cells  of  distinct  filaments  {Spirogyra)^ 
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uniting  to  form  the  spore.  This  at  first  sight  appears  to  be  a  good  ground  for  sepa- 
ration, but  there  are  certain  species  in  which,  undoubtedly,  both  the  former  and 
the  latter  method  of  conjugation  take  place  indifferently.  Such  species  make  a 
third  group  so  precisely  between  the  two  others  as,  to  my  mind,  to  fuse  them  toge- 
ther and  necessitate  either  the  acknowledgment  of  three  genera  or  the  denial  of 
more  than  one.     The  latter  seems  to  me  the  more  philosophical  course. 

A.  CoNJOaATIO  LATEKALia  (RhYNCHONEMA). 

A,  Conjugation  lateral. 
$p.  elongata,  Wood. 

Sp.  articnlis  vegetativis  diametro  1-30  plo  longioribus;  artieulJs  sporiferia  multo  brovioribua, 
valde  tumidis;  cytiodermate  utroque  fine  protensoet  replicato;  fasciiiunica,  laxissime  spirali; 
anfractibus  plerumque  1 ;  sporia  ellipticis,  diametro  1-2^  plo  longioribus. 
IHam.~Spor.  ts^tf"  =  .00106".     Artie,  vegetat.  7E*TnT"  =-0005". 

Syn. — Bhynchonemaelongatum^ OOD,  Prodromns,  Proc.  Amer.  PLilos.  Soc.  1869,  p.  131. 
Sab. — In  aquis  limpidis,  prope  Philadelphia. 

Sterile  joints  1-30  times  longer  than  broad;  fertile  joints  much  shorter,  greatly  swollen ;  eel! 
wall  at  each  end  produced  or  folded  in;  chloropbyl  filament  1,  spiral  lajt;  turns  mostly  1 ; 
spores  elliptical,  2-2^  times  longer  than  broad. 

Remarhs.—l  found  this  species  about  the  middle  of  March,  fruiting  in  a  little 
pool  near  Chclten  Hills,  six  or  eight  miles  north  of  this  city.  It  did  not  form  a 
distinct  stratum  by  itself,  but  was  floating,  intermingled  with  great  numbers  of 
other  filamentous  algse,  such  as  fragillarite,  zygnemw,  &c.  It  seems  to  be  most 
closely  allied  to  the  European  M.  minimum;  it  however  not  only  attains  a  some- 
what larger  size  but  also  differs  from  that  plant  in  the  proportionate  length  of  the 
sterile  cells,  in  the  number  of  the  turns  of  the  chlorophyl  spiral  in  the  cell,  and  in 
the  proportionate  length  and  breadth  of  the  spore. 

Pig.  1,  pi.  14,  represents  portions  of  sterile  filaments  magnified  450  diameters; 
1  a,  a  part  of  a  fertile  filament,  magnified  450  diameters. 

I§p.  pulchella,  Wood. 

Sp.  articulis  sterilibus  diametro  2—3  plo  longioribus ;  sporiferis  nonnihil  tumidis ;  fascia  unica, 

anfractibus  3-4  ;  sporis  ellipticis,  diametro  fere  duplo  longioribus ;  cytiodermate  ntroque  fine 

pro  tens  0  et  replicato. 
jOiam. —Artie.  Steril.7/5T5"—jfTni"=. 00033"— .0013".  Spor.  ^Jg/—jio/=. 0012"— .00133". 
Syn. — Ilhf/nconemapulchellum,'WooD,¥rodromus,  Proc.  Amer.  Phiios.  Soc.  1869,  p.  138. 
Hab. — In  stagnis,  prope  Philadelphia. 
Sterile'  joints  2-3  times  longer  than  broad ;  fertile  joints  somewhat  ewollen ;  chlorophyl  band 

one;  turns  of  spiral  3-4;  spores  elliptical,  almost  twice  as  long  as  broad;  cell  wall  at  each 

end  produced  or  folded  in. 

i^emar^s.—This  species  was  found  by  myself  fruiting  in  April,  1869,  in  stagnant 
ditches  below  the  city,  and  in  similar  localities  near  Camden,  New  Jersey.  It  did 
not  occur  in  masses  but  singly,  intermixed  with  great  numbers  of  other  fruiting 
spirogyras.  Most  of  the  filaments  seen  were  about  .0010"  in  diameter;  in  but  a 
single  instance  did  they  come  much  short  of  this.  This  species  diff'ers  from  R. 
eloiigatum,  among  other  points,  in  the  shortness  of  the  tubes  connecting  the  fertile 
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cells.  I  liave  never  been  able  to  identify  an  entirely  sterile  filament  of  this  species ; 
the  measurements  and  description  of  the  sterile  cells  were  taken  from  infertile  cells 
in  filaments,  which  in  other  places  had  produced  spores. 

Fig.  2,  pi.  14,  represents  a  fertile  filament,  magnified  2G0  diameters. 

B.    CONJUGATIO  aOALAaiJOEMIS  (SpIRO&TRA  VERA). 

a.    Cytioderw.ale  ufroque  fine  protensuni  el  replicalum. 
a.   Gytioderm  folded  in  at  Ike  ends. 

*  Fascia  spiralis  unica. 

*  Spiral  filament  single. 
Sp.  Weberi,  Ktz.  ? 

Sp.  saturate  viridis,  lubrica;  articulis  vcgctativis  diaraetro  3-20  plo  longioribus;  fructiferis 
notinihil  inllatis;  fascia  dentata,  plerumqne  unica  sed  fasciia  duabus  in  quavis  cellula;  spirse 
anfractiboa  3-8;  cytiodermate  plevumque  utroque  fine  protenso  et  replicato  ;  zygosporis  ellip- 
ticia. 

i>j(iim.— Artie,  ateril.  7^5a"—T/fnr"  = -0008"— .0012". 

Syn. — S.  Weberi,  KiJlZlNO.     llABENHOasi,  Flora  Europ.  Algarum,  Sect  III.  p.  233. 

ffab. — In  stagnis,  prope  Philadelpliia. 

Deep  green,  slippery;  sterile  joints  3-20  times  longer  than  broad;  fertile  joints  not  swollen  ; 
chlorophyl  filaments  mostly  single,  bat  sometimes  two  iu  certain  cells,  dentate ;  turns  of  the 
spiral  3-8 ;  cytioderm  protruded  or  infolded  at  the  ends ;  zygospores  elliptical. 

Remarlcs. — This  species,  which  is  abundant  around  Philadelphia  in  stagnant 
ditches,  I  have  found  fruiting  in  the  montli  of  April.  The  number  of  spirals  fre- 
quently varies  even  in  the  same  filament.  The  infolding  of  the  walls  at  the  end 
of  the  cells  is  very  often  wanting  in  the  fertile  cells  and  occasionally  is  absent  from 
one  end  of  an  ordinary  vegetative  cell.  The  American  form  agrees  pretty  well 
with  the  European,  but  is,  however,  larger,  and  also  attains  in  its  cells  a  greater 
proportionate  length  and  has  more  turns  of  its  chlorophyl  spirals.  The  lower 
limits  of  the  American  form  are,  however,  so  overlapped  by  the  upper  limits  of  the 
European,  that  it  seems  to  me  they  must  be  considered  identical. 

Fig,  19,  pi,  12,  represents  a  pair  of  fertile  filaments  of  this  species,  magnified 
260  diameters;  19  a,  part  of  a  sterile  filament,  magnified  260  diameters;  19  b,  out- 
line of  a  couple  of  fertile  cells,  magnified  260  diameters. 

Sp.  protecta,  Wood. 

Sp.  saturate  viridis, lubrrca;  articulis  sterilibus  diametro  6  plolongioribus;  sporiferisvixtumidis; 

cytiodermate  utroque  fine  protenso  et  replicato  ;  fascia  unica;  aafraetibus  6;  sporis  oblongis 

vel  ellipticis  :  membrano  craBsissimo. 
Jljam.— Art.  steril.  yJJ/ =.00146";  apor,  lat.  ^lU"—^\y  =  .00133"— ,0016"  long,  ^f^a" 

=  .0033". 
Syn.—Sp.  protecta.  Wood,  Prodromns,  Proc.  Am,  Philos.  Soe.  1869,  p.  131. 
Sp.  deep  green,  slippery ;  at^rile  joints  6  times  longer  than  broad  ;  fertile  cells  scarcely  swollen ; 

cell  wall  folded  in  at  the  ends ;  chlorophyl  band  single ;  turns  6 ;  spores  oblong  er  elliptical, 

spore  wall  very  thick. 

Semarks. — I  found  this  species  in  the  latter  part  of  April  fruiting  in  a  ditch 
in  a  meadow  a  little  south  of  the  mouth  of  Wissahicon  Creek,  near  this  city, 
and  as  late  as  the  25th  of  May  in  the  "neck"  below  the  city.     It  is  remarkable 
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for  the  very  great  thickness  of  the  walls  of  the  spore.  There  are  two  very  appa- 
rent coats  separated  by  a  thin  not  very  evident  one.  The  outer  is  the  thickest ; 
it  is  very  thick,  firm,  and  nearly  colorless.  The  inner  coat  is  of  a  decided  orange- 
brown.  The  parent-cells  which  give  origin  to  these  spores  are  slightly  enlarged 
in  diameter.  Sometimes  the  spores,  instead  of  being  elliptical,  are  irregular  in 
shape. 

Fig.  3  a,  pi.  14,  represents  a  sterile  filament,  magnified  250  diameters ;  fig.  3,  a 
mature  spore,  magnified  450  diameters. 

Sp.  insignis,  (Hassall)  Ktz. 

Sp.  articulis  sterilibus  diametro  5-14  plo  longioribos ;  fasciia  2  (rarius  1-3),  laxe  spiraJibus, 
angustia,  crenatis ;  artieulis  fructifcris  Bonniliil  tuinidis ;  cytiodermate  utroque  fine  replicato 
vel  protenso  ;  zygosporis  vubido-brunneis,  ovato-ellipticis. 
i>i"oni.— 0.0015". 
Syn. — Zygnema  insigne,  Hassall,  Fresh-Water  Algfe,  p.  410. 

Spirogyra  insignia,  (Hassall)  Kutzino.     Rabenhorst,  Flora  Europ.  Algarum,  Sect. 
III.  p.  235, 
JIab. — In  stagnis,  propo  Pliiladelphia. 

Sterile  joints  5-li  times  longer  than  broad  ;  chlorophyl  filaments  mostly  2  (mrely  1-3),  laxly 
spiral,  narrow,  crenate;  fiirtile  joints  somewhat  enlarged;  cytioderm  at  ea«h  end  folded  in 
or  produced;  zygospores  reddish-brown,  ovate  elliptical. 

Remark. — Fig.  6,  pi,  16,  represents  this  species. 

b.    Cytioderma  cellulx  fine  nee  protensum  nee  replicatum. 

Cytioderm  not  infolded  in  Che  end  of  the  cell. 
*  Fasciee  spirali  unicse  (raro  duee). 
Chlorophyl  band  single  {rarely  two). 
Sp.  longata,  (Yauch.)  Ktz. 

Sp.  dense  caspitosa,  Isete  luteolo-viridis,  valde  lubrica;  articalia  sterilibaa  diametro  2-fi  pio 
longioribua,  fertilibus  stepe  tumidis  abbreviatia  ;  fascia  spirali  lata,  dentata  ;  anfractibus  snb- 
lasia  2-5  ;  zygosporis  ellipticis. 
iKam.— 0.001". 
Syn. — Conjugala  longata,  Vaucher,  Histoire  dos  Confervcs  d'Eau  douce,  p.  11. 

Sp.  longata,  (Vauch.)  Ktjtzing.    Rabenhoest,  Flora  Europ.  Algarum,  Sect.  HI.  p.  238. 
Eab. — In  stagnis,  pi-ope  Philadelphia;  Wood.     Rhode  Island;  {S.  T.  Olney)  Thwaites. 
Densely  ciespitose,  bright  yellowish- green,  very  slippery;  sterile  joints  2-6  times  longer  than 
broad  ;  fertile  articles  swollen,  often  abbreviate  ;  chloropbyl  filaments  broad,  dentate  ;  turns 
of  the  spiral  somewhat  loose,  2-5  ;  zygospores  elliptical. 

RemarJis. — According  to  Prof  Rabenhorst,  this  species  attains  in  Europe  a 
diameter  of  .0011"  and  the  cells  a  length  of  8  times  their  breadth.     The  same 

authority  also  describes  the  fertile  cell  as  being  eitlier  not  swollen,  or  moderately 
so  ("  ant  non  aut  modice  tumidis").  In  all  the  specimens  of  our  American  forms 
which  I  have  seen,  the  sporangia!  cells  are  very  decidedly  swollen. 

Fig.  4,  pi.  14,  represents  portions  of  sterile  filaments,  magnified  250  diameters, 
and  fig.  4  a,  a  part  of  a,  fertile  pair  of  filaments  containing  immature  spores  enkrged 
260  diameters. 
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Sp.  iiuinina,  (Aa.)  Eiitz. 

Sp.  saturate  viridis,  valde  liibricata;  articulia  stcrilibus  diaraetro  1-6  plo  longioribns ;  articulis 
fertilibus  Tel  baud  tumidis  vd  nonnihil  tumidis  ;  fascia  unica  ;  Rpine  anfractibuB  raodo  den- 
sioribas,  modo  laxioribus,  nonnunquam  laxissimis,  plerunique  3,  iiitcrdum  1^-4  ;  cytioderraate 
cellulae  utroque  fine  nee  protenao  nee  replieato ;  zygosporia  aut  globosis  aut  ovalibus  aut 
cyliodricia. 

i)mm.— Artie,  steril.  jlU"—7lU"  =  .0013"— .0017"  ;  sporia  7^Jir"  =  -00U". 

Syn. — Sp.  quinina,  (AoAiiDH)KxjTZiNa.  Rabesuorst,  Flora  Europ.  Algarum,  Sect,  III.  p. 
240. 

ITah. — In  stagnis,  prope  Philadelphia. 

Deep  green,  very  slippery,  sterile  articles  1-6  ttmea  longer  than  broad;  fertile  joints  scarcely 
or  not  at  al!  tumid  ;  chlorophyl  filament  single;  turns  of  the  spiral  sometimes  denser,  some- 
times laser,  sometimes  very  lax,  mostly  3  in  number,  sometimes  1^4;  cytioderm  neither 
infolded  nor  protruded  at  the  end  ;  zygospores  polymorphous,  globose,  elliptical  or  cylindrical. 

Remarks. — This  species  is  very  abundant  in  the  ditches  around  Philadelphia, 
especially  in  the  "  neck"  below  the  city,     I  have  found  it  fruiting  profusely  in  the 
month  of  April.     The  spores  vary  very  much  in  form,  some  of  them  being  globose, 
others  elliptic,  and  still  others  cylindrical,  with  obtusely  rounded  ends.     All  these 
forms  may  occur  in  a  single  filament.     The  spore  cell  also  varies  in  the  amount  of 
its  enlargement.     In  many  cases  it  preserves  its  cylindrical  shape  completely ;  in 
ttber  instances  it  is  markedly  swollen. 
Pigs.  4e,  4:C,  pi.  19,  represent  portions  of  sterile  filaments  of  this  species;  figs. 
a,  4  h,  and  4  d^  portions  of  fertile  filaments, 
ff  FasciiB  spirals!  duse  vel  plures. 
ff   Ohlorophyl  filamenlB  two  or  many. 

fp.  decimina,  (Mulleu)  Ktz. 

Sp.  sordide  viridis,  labrica;  articulis  sterilibus  diametro  (0.00135"— 0.0015'J")  plerumque 
duplo-,  quadruple  fere  loagioribus,  nonnunquam  subsequalibus,  fertilibus  aut  non  aut  roodice 
tumidis;  faseiis  spiralibus  plerumque  2,  latis,  decussatis,  rarius  1  vel  3,  anfractibas  laxis 
1-li;  zygosporia  aut  oralibiia  ant  late  ellipticis  vel  subglobosis.  (R.) 

dyn. — Sp.  decimina,  (Ml'llee)  Kutzing.  Rabenhokst,  Flora  Europ.  Algarum,  Sect,  III.  p. 
242. 

Hab. — Prope  Philadelphia. 

Dirty  green,  slippery;  sterile  joints  mostly  from  2-4  times  as  long  as  broad  (0.00135" — 
0.00159"),  sometimes  about  as  long  as  broad  ;  fertile  joints  either  moderately  or  not  at  all 
swollen;  spiral  filaments  mostly  2,  broad,  decussating,  rarely  1-3,  turus  loose  1-1^;  zygo- 
spores either  oval,  broadly  elliptic,  or  sabglobose. 

Remarhs. — I  find  this  species  marked  in  one  of  my  note-books  as  having  been 
found  by  myself  near  this  city.  I  have  no  distinct  recollection  of  seeing  it,  and, 
having  preserved  neither  figure,  specimen,  nor  description,  am  forced  to  content 
myself  with  copying  the  description  of  Prof.  Rabenhorst. 

Sp.  dubia,  e:tz. 

Sp.  viridis  in  fnicte  dilute  viridis;  articulis  sterilibus  cylindricis  diametro  l|-3^  plolongioribus; 
faseiis  spiralibus  2-3,  angustis^imis,  nodosia,  anfractibus  laxis  1-9  (=3-6);  eytiodermate 
utroque  fine  nee  protenso  ncc  replieato,  nonnihil  crasso ;  zygospoi'is  poiymorphis,  aut  sub- 
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globosis  aut  ovalibns,  aut  subeylindricis,  diametro  (eqtiallbns  aut  |  plo  longioribus ;  articulis 
fertilibua  cylindricis,  baud  tumidis. 

IHam. — Art,  steril.  ,|^jr"  =  .002  ;  spor   j^^ji" — .002". 

Syn. — Sp.  dubia,  Kutzimo.     Rabenhorst,  Flora  Europ.  Algaram,  Sect.  III.  p.  243. 

Hab. — In  stagnis,  prope  Philadelphia. 

Green,  ill  fmit  light  green;  sterile  joints  cylindrical,  1^2^  times  longer  than  broad;  spiral 
filaments  2-3,  very  uarrow,  nodose,  las,  turns  1-2  ;  cytioderm  neither  infolded  nor  protruded 
at  the  end,  rather  thick  ;  zygospores  polymorphous,  either  subglobose,  oval,  or  Bubcjiindrical, 
aa  broad  as  long  to  |  times  longer  ;  fertile  articles  cylindrical,  not  enlarged, 

EemarJcs. — I  have  found  this  species  growing  in  the  ditches  below  the  city,  fruit- 
mg  abundantly  in  May.  When  in  this  condition  it  forms  masses  of  a  dirty,  lightish, 
yellowish-green.  The  spores  mostly  fill  pretty  well  the  fertile  cells.  My  specimens 
do  not  agree  completely  with  the  descriptions  given  of  the  European.  The  two 
forms,  however,  completely  overlap  one  another,  except  in  one  character,  namely, 
the  shape  of  the  sporangial  cell.  I  have  never  seen  it  swollen  or  at  all  tumid  in 
American  specimens,  whilst  in  the  European  it  is  said  to  be  "modice  tumidis." 
This  difference  alone  does  not,  however,  seem  to  me  sufficient  to  characterize  a 
new  species.  I  have  seen  specimens  of  this  plant  collected  by  Dr.  Lewis  at  Cobble 
Mountain.  They  agree  well  with  the  Philadelphia  specimens,  except  in  attaining 
a  little  larger  size,  .0021",  and  in  the  sterile  filaments  having  their  walls  very  thick. 
The  character  of  non-inflation  of  sporangial  cells  is  perfectly  preserved. 

Fig.  4,  pi.  17,  represents  this  species. 

Sp.  rivularis,  (Hassall)  Rabemi.  {non  Ktz.) 

Sp.  saturate  viridis,  lubrica;  articolis  sterilibus  diametro  1-11  pio  longioribus;  fertilibuscylin- 
dricis  ant  vix  tumidis;  cytiodermato  teiiuissimo,  utroque  fine  nee  protcnso  nee  replicato, 
fasciis  4,  laxe  spiralihus,  modice  angnstis,  nodulosis  et  serratis,  anrractibus  2|- ;  zygosporis 
ellipticis,  diametro  2-2^  longioribas. 
Diam.— Art.  ster.  ^/^/—^ly  =  ,0012"— 00146"  ;  spor.  ^ia/_y|^^". 
Syn. — Zygnema  rtvularis,  Hassall,  Fresh-Water  Algse,  vol.  i.  p.  144. 

Spirogyra  rivtilaris,  (Hassall)  (non  Kittzing)  Rabenhorst,  Flora  Europ.  Algarum, 
Sect  III.  p.  243. 

Ilab.— In  rivalis,  Florida;  (Canbt)  "Wood. 

Deep  green,  slippery ;  sterile  articles  t-11  times  longer  than  broad,  fertile  cylindrical  or  slightly 
tumid  ;  cytioderm  very  thin,  neither  infolded  nor  protruded  at  the  end  ;  chloropliyl  filaments 
4,  laxly  spiral,  moderately  narrow,  nodose  and  serrulate,  turns  2 J ;  zygospores  elliptical, 
2-2^  times  longer  than  broad. 

Eemarks. — This  species  was  collected  by  Mr.  Wm.  Canby  in  Pine  Barren  Kun, 
near  Hibemia,  Florida.  It  is  rather  smaller  than  the  European  forms,  but  docs 
not  appear  to  be  distinct  from  them,  Eabcnhorst,  indeed,  states  that  there  are 
only  two  or  three  chlorophyl  spiral  bands  in  a  cell,  but  Hassall  in  the  description 
of  the  type  states  distinctly  that  in  some  instances  there  are  four  bands,  and  also 
figures  the  plant  so. 

Fig.  5  a   a'nd  £,  pi.  il,  represents  sterile  cells  of  this  species,  magnified  260 
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diameters.     Fig.  5  c  is  an  outline  of  a  pair  of  fertile  cells  enlarged  to  the  same 
extent. 

Sp.  parvispora,  Wood. 

Sp.  articulis  sterilibua  diametro  2-4  plo  longioribus  ;  fructiferis  liaud  tumidis,  diamctro  1-2^  p!o 
longioribuBj  fasciis  spiralibus  4,  angustis,  nodosis,  anfractibus  pluribus  ;  zygosporis  parFiM- 
simis,  ellipticis,  diametro  1^-2  plo  longioribus;  cjtiodermate  utroquo  fine  nee  proteiiso  ucc 
replicato. 

Diam. — Art.  steril  jl^jj" =.003" ;  spor.  diam,  transv.  yj^^" — jl^^"  =  .002" — .0033",  long.  75  Jo" 

TOBU"' 

Syn. — S.  parvispora,  Wood,  Prodromua,  Proc.  Am.  Pliilos.  Soc.  1869,  p.  139. 

Ifab.—Jn  stagnis,  Hibernia,  Florida.   (Wm.  Canbi  ) 

Sterile  joints  2-4  times  longer  than  broad ;  fertile  not  tumid,  1-2^  times  longer  tlian  broad ; 

chlorophjl  bands  4,  narrow,  nodose;  turns  many;  zygospores  very  small,  elliptical,  1^-2 

times  longer  than  broad;  cell  wall  not  infolded  at  the  end. 

Remarks. — I  am  indebted  to  Mr.  Wm.  Canby  for  specimens  of  this  species, 
which  he  collected  in  a  pond  in  the  Pine  Barrens  near  Hibernia,  St.  John's  River, 
riorida.  It  is  remarkable  for  the  comparatively  small  size  of  the  spores,  which  do 
not  nearly  fill  the  perfectly  cylindrical  mother-cells  ;  indeed  they  are  only  about  as 
long  as  the  latter  are  wide.  This  species  closely  resembles  S.  majuscula,  but  is 
larger,  does  not,  that  T  have  ever  seen,  vary  like  it  in  the  number  of  spores,  and  is 
especially  separated  from  it  by  the  very  small  size  of  the  latter. 

Fig.  7,  pi.  15,  represents  a  fertile  pair  of  filaments  of  .this  species  magnified  125 
diameters. 

Sp.  majuscula,  Ktz, 

Sp.  pallide  et  sordlde  viridis,  frnctus  tempore  fuscescena ;  articnlis  sterilibus  diametro  (0.002^" 
— 0.0025")  2^-4-10  plo  ioQgioribns;  cytiodermate  tenui  homogeneo  ;  faaciia  3-4-5  (rarius 
1),  modo  snbrectis  longitudinal! bus,  modo  laxissime  spiralibus,  nodosis;  eygosporis  globosis 
vol  ovalibus.  (R.) 

Syn. — S.  majuscula,  KiJTZlNO.      Eabenhorst,  Flora  Europ.  Alganim,  Sect.  III.  p,  244. 

^a6.— Prope  Philadelphia.  ? 

Pale  and  sordid  green,  fuscescent  at  the  time  of  fruiting ;  sterile  joints  2^-4-10  times  longer 
than  broad  (.0022" — 0  0025") ;  cytioderm  thin,  homogeneous  ;  spiral  illaments  3-4-5  ^rarely  1) 
partly  straightish  and  longitudinal,  partly  laxly  spiral,  nodose ;  zygospores  globose  or  oval. 

EemarJcs. — Shortly  after  I  commenced  to  study  the  fresh-water  algee,  I  found 
below  the  city  a  fruiting  Spirogyra,  of  which  I  preserved  only  a  drawing,  which  I 
have  since  identified  as  apparently  specifically  one  with  the  European  S.  majuscula, 
it  difi'ering  only  in  not  being  quite  so  large;  my  measurement  was  .^J^"::^  0.1)02". 
Not  having  any  specimens  at  hand,  I  have  copied  the  description  from  the  work  of 
Prof,  Kabenhorst. 

Fig.  1,  pi.  15,  was  copied  from  the  drawing  alluded  to. 

Sp.  nitida,  (Dillw.)  Link. 

Sp.  esBspitibua,  lubricis,  saturate  viridibus;  articnlis  sterilibus  post  divisioaem  diametro  siib- 
a5(]ualibus,  ante  diviaionem  2-3  plo  longioribus ;  artieulia  fertilis  aliis  simillibns,  baud  tnmidis ; 
fasciis  spiralibus  4(3-4  R),  niodice  latis,  anfractibus  1-2;  zygosporis  ellipticia. 
22      August,  1872. 
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Umm.— 0.0025". 

Si/n. — S.  nUida,  (Dillwys)  Link.     IlABENnoRST,  Flora  Europ.  Algaruoi,  Sect.  III.  p.  245. 
Eab. — Prope  Philadelphia. 

Occurring  in  lubricous  turfy  masses,  of  a  deep  green  color;  sterile  joints  after  division  about 
as  long  as  broad,  before  division  2-3  times  longer;  fertile  joints  similar  to  the  others,  not 
tumid ;  spiral  filaments  4,  moderately  broad,  turns  1-2 ;  zygospores  elliptic. 
Hemarks. — This  species  appears  to  be  somewhat  rare,  at  least  I  have  found  it 
but  once,  and  then  only  in  small  quantity.     E.abcnhorst  states  that  there  are  occa- 
sionally only  three  spirals,  and  his  maximum  diameter  is  0.0031";  he  also  speaks 
of  the  fertile  joints  as  "vix  tumidis." 

Sp.  diluta,  Wood. 

Sp.  articulis  sterilibus  diametro  subffiqualibu^ad  dnpio  longioribus,  fructiferis  baud  tumidis; 
fasciis  spiralibns  5,  angustissimis,  lasis,  valde  nodosis;  anfractibus  plerumque  ^,  interdum 
1 ;  zygoaporis  sparsis,  lale  ellipticia  vel  ovatis  aut  globosis;  cytiodermate  modice  tenue,  in 
utroque  fine  nee  proteiiso  nee  rcplieato. 

Diam—Artic.  steril.  T^gg"  =  .003". 

Syn. — S.  diluta,  Wood,  Prodromus,  Proc  Am.  Philos.  Soc.  18G9,  p.  139." 

Hab. — lu  stagnis,  prope  Philadelphia. 

Sterile  joints  about  as  long  as  broad  to  twice  longer,  fertile  cells  not  swollen  ;  chlorophjl  bands 
5,  exceediagly  narrow,  lax,  strongly  nodose  ;  turns  mostly  ^,  sometimes  1 ;  zygospores  few, 
broadly  elliptical,  ovate  or  globose  ;  cell. wall  moderately  thin,  not  infolded  at  the  ends. 

Remarlcs. — I  have  found  this  species  several  successive  seasons  growing  in  the 
ditches  in  the  Neck,  below  the  city,  especially  in  the  neighborhood  of  the  large 
stone  bam,  built  by  the  great  millionaire,  and  still  known  as  "  Girard's  Bam." 
The  spirals  are  very  narrow  and  slender,  and  are  moderately  close  to  one  another. 
They  are  chiefly  made  up  of  a  number  of  chlorophyl  nodules,  the  connecting  thread 
between  which  is  often  very  faint.  In  all  the  fruiting  specimens,  as  I  have  seen 
them,  the  spores  have -been  very  few  in  number,  most  of  the  cells  of  the  fertile 
filaments  appearing  to  have  aborted,  so  that  they  ai-e  simply  empty.  In  most  cases 
only  about  every  third  or  fourth  cell  contained  a  spore. 

Fig.  2,  d1.  15,  represents  this  species. 

Sp.  setiformiei,  (Hoth)  Ktz. 

Sp.  saturate  viridis,  lubrica;  articulis  sterihb us  diametro  paullum  hrevioribus  ad  I|  plo  lon- 
gioribus; articulis  fructifens  baud  inflatit. ;  fasciis  3-8,  latis,  dentatis,  interdum  nonnihil 
remotis,  scd  stepe  arete  et  dense  conjunctis,  nodosis;  zygosporis  globosis  vel  late  ovalibus. 

Diam,. — .0035". 

Syn. — S-  seliformis,  (Roth)  Ktjtzing.     Raeenhoest,  Flora  Europ.  Algarnm,  Sect.  III.  p.  24S. 

Sab. — In  stagnis,  prope  Pliiladelpliia. 

Deep  green,  slippery  ;  sterile  joints  a  little  shorter  to  one  and  a-hiilf  times  longer  than  broad  ; 
fertile  joints  not  inflated  ;  spiral  filaments  3-8,  broad,  dentate,  sometimes  somewhat  remote, 
sometimes  closely  and  densely  conjoined,  nodose  ;  zygospores  globose  or  broadly  oval, 

Remarhs. — None  of  the  descriptions  which  I  have  seen  of  this  species  state  the 
number  of  the  spiral  filaments,  but  the  other  characters  of  the  American  form  so 
agree  with  those  of  th^  European  plant  that  it  is  probable  that  this  one  does  also. 
The  plant  is  not  uncommon  in  the  Neck,  fraiting  in  the  spring. 
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Fig.  3  a,  pi.  15,  represents  part  of  a  sterile  filament  of  this  species;  3  h,  portion 
of  a  pair  of  fertile  filaments,  both  magnified  1 25  diameters. 

Sp.  crassa,  Ktz. 

Sp.  liete  viridis,  denlque  eordido  viridis;  articulia  sterilibua  diametro  subEequalibus,  post  divi- 
sionem  interdum  fere  ^  plo  brevioribus,  ante  diTisionem  saipe  fere  2  plo  longioribus ;  cytiu- 
dertnate  tenui,  homogenco,  utroque  fioe  nee  protenso  Dec  replicato ;  fasciis  spiralibus  4, 
dentatia  vel  tnbercalatis,  asege  arctis,  subtransversis,  tenuibus ;  anfractibus  1^-4;  cellulis 
frnctiferis  aliis  simiJlimia,  hand  inflatis  ;  zygosporis  globosis  vel  cllipticis. 

IKam. — Mas.  ,0065." 

Syn. — Sp.  crassa,  Ktz.     Eabeshokst,  Flora  Europ.  Algarum,  Sect.  III.  p.  24f>, 

Bab. — In  stagnis,  prope  Philadelphia. 

Bright  green,  but  finally  a  dirty  green ;  sterile  articles  about  as  long  as  broad,  sometimes  after 
division  only  half  as  long,  Bometimes  before  division  twice  as  long;  cytioderm  thin,  homo- 
geneou.s,  not  infolded  or  produced  at  the  ends;  spiral  filaments  4,  dentate  or  tubercuJate, 
often  close,  subtran averse,  thin;  turns  from  1^  to  4 ;  fertile  cells  very  like  the  others,  not 
inflated  ;  zygospores  globose  or  elliptical. 

Remarlcs. — This  species  is  very  common  in  the  neighborhood  of  this  city,  occur- 
ring in  springs,  &c.,  but  especially  in  the  ditches  in  the  Neck.  It  forms  long, 
lubricous  masses,  of  a  bright  green  color,  readily  distinguishable  by  the  size  of  the 
filaments,  which  are  separated  with  ease  by  the  unaided  eye.  I  have  gathered  it 
repeatedly,  in  fruit,  from  the  middle  of  April  to  the  middle  of  June,  In  this  state 
the  mass  has  lost  its  bright  green  color,  and  when  the  filaments  are  closely  examined, 
even  without  a  glass,  mitiutc  dark  points  mark  the  positions  of  the  spores. 

Fig.  4  a,  pi.  15,  represents  part  of  a  filament  commencing  reproduction ;  4  J,  fila- 
ments which  have  matured  the  spores;  4  c,  a  pair  of  conjugating  filaments. 

Genus  ZYGNEMA. 

Cellulse  vegetativie  cylindricse.  Massa  chlorophyllacea  initio  effusa  et  snbhomogonea,  postca  dis- 
tiiicte  granulosa  aut  per  celliilse  lumen  distributa,  granula  amylacea  duo  centralia  involveus,  aiit  in 
corporibus  duobus  (in  quaque  celiula)  plus  minusve  distinctc  stellatim  radiantibua  Jnxta  nuclcum 
centralum  grannm  amylaceum  unicum  involventibua  collocata.  Conjugatio  scalariformis  vel  late- 
ralis. 

Vegetative  colls  cylindrical.  Chlorophyl  masses  in  the  beginning  effused  and  subhoraogeneons, 
afterwards  distinctly  granular,  either  distributed  throughout  the  cavity  of  the  cell,  involving  two 
central  starch  granules,  or  gathered  together  into  two  masses  (in  each  eel!),  with  more  or  less  dis- 
tinctly stellate  radii  and  a  central  starch  granule  placed  near  the  nucleus,  one  ou  each  side  of  it. 

Z.  insigne,  (Hassall)  Ktz. 

Z.  ctespitibua  et  plerumque  natantibus  vel  in  aqua  diffusis,  saturate  viridibus  vel  s^pe  sordida 
flavo-viridibua ;  articulis  sterilibus  diametro  circiter  sequalihus  vel  dupb  longioribus;  conju- 
gatione  scalariforme  (et  ssepe  simul  laterali,  R.) ;  zygosporis  globosis  ;  sporodermate  ]»vi. 
Uiam.— Cell.  tedW  =  00126"  ;  spor.  .^j-yj^/'—^jt/;,/  =  0.00093"— 0.00016". 
Syn. —  Tyndaridea  insignis,  IlAasALL,  Fresh-Water  Algee,  vol.  i.  p.  IDS. 

Zygnema  insiyne,  (Hassali.)  KiJi'zitgo.     Rabenookst,  Flora  Enrop.  Algie,  Sect.  Ill, 
p.  249. 
Hob. — In  stagnis,  prope  PhiladelpWa  ;  Wood.     Rhode  Island  ;  (S.  T.  OIney)  Thwaitea. 
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Grespitose  and  moatly  floating  or  diffused  in  the  water,  deep  green,  or  a  dirty  yellowish-green  ; 
sterile  joints  abont  as  long  as  broad,  or  twice  as  long;  conjugation  scalariform  (according 
to  Rabenhorst  sometimes  at  the  same  time  lateral) ;  zygospores  globose ;  spore  coat  smooth. 

JRemarlcs. — This  species  is  very  common  around  Philadelphia,  forming  great 
masses  in  the  ditches  of  the  "Neck,"  growing  in  the  semistagnant  water  along  the 
railroads,  and  forming  with  other  algse  slimy  coatings  on  the  dripping  rocks  of  the 
Wissahicon  and  various  railroad  cuttings.  At  certain  times  the  cells  are  found 
crowded  with  endochrome,  at  other  times  they  are  almost  empty.  At  certain 
seasons  this  plant  multiplies  with  great  rapidity  after  a  somewhat  peculiar  fashion. 
Constrictions  first  appear  in  the  filament  at  the  junctions  of  the  cells,  which  thus 
look  as  though  their  ends  were  rounding  off.  This  goes  on  until  the  ends  of  the 
cells  are  greatly  rotmded,  and  are  attached  simply  by  their  central  parts,  which 
soon  separate.  In  this  way  I'fig.  8b,  pi.  xv.)  the  filament  is  resolved  into  its  com- 
ponent cells,  or  more  generally  into  as  many  pairs  of  cells  as  compose  it,  which 
when  once  set  free  in  the  water  rapidly  grow  into  filaments  by  the  ordinary  pro- 
cess of  cell  multiplication  by  division.  In  most  cases  the  zygospores  are  placed 
in  one  of  the  parent-cells,  but  I  have  seen  instances  in  which  some  of  them  were 
formed  in  the  connecting  tubes. 

Fig.  8,  pi.  15,  represents  this  species. 

Z.  cruciatuiii,CVAucH.)  Ao, 

Z.  pallide  Tiride,  siccatnm  fuscescens  vel  fuseo-nigrescens ;  articulis  Bterilibus  brevicylindricis 
diametro  (0.0016" — 0.00195")  £equalibns  vel  dimidio  lon^ioribas,  rariua  duplo  longioribus, 
post  divisionem  factam  hand  raro  dimidio  brevioribua,  frnctiferis  non  tumidis;  zygosporis 
plerumque  globosla,  maturis  obscure  ftiseis,  sporodermate  subtiliter  punctatis.     (R.)  Species 
mihi  ignota. 
Syn. — Zygnema  cruciatum,  (Vauchee)  Agardh.      Rabenuorst,  Flora  Europ.  Algamra,  Sect 
III.  p.  251. 
Tytrdaridea  cruciala,  Hassall,  Fresh-Water  Algse,  vol.  i.  p.  IfiO. — Harvey.     Bailey, 
Microscopical  Observations,  p.  21. 
Hab. — Northern  States :  Virginia ;  Florida ;  Bailey. 

Pale  green,  whendriedsubfuscousorblackishfuscoas.  Sterile  joints  shortly  cylindrical,  equal  or 
a  little  longer,  or  more  rarely  twice  as  long  as  broad  (diam.  O.OOIB" — 0.00195"),  after  division 
sometimes  shorter  than  broad;  frniting  cells  not  tumid;  zygospores  mostly  globose  ;  when 
mature,  obscure  fuscous,  their  coat  minutely  punctate. 

Genus  SIROGONIUM,  Ktz. 

"  CellulK  vegetativas  cylindricse,  sporiferte  subinflatse  orculiformie.  Fascite  chlorophyllosse  longi- 
tudinales,  parietales,  leviter  fiexuosEB,  nodosas  (plerumque  2-3,  rarius  4  in  quaquo  cellula),  granula 
amylacea  7-8  involutae.  Copulatio  gennflexa,  sine  tubo  connexivo."  R.  In  specie  Americana 
fasciae  chloropliyllosas  epirales  fet  Spirogyrge  illis  similes. 

Vegetative  cells  cylindrical,  spore  bearing  cells  somewhat  inflated,  or  orcullforra.  Chlorophyl  fila- 
ment longitudinal,  parietal,  somewhat  flexuons,  nodose  (mostly  2-3  rarely  4  in  each  eel!),  containing 
1-S  starch  granules;  conjugation  genuflexnons,  without  any  connecting  tubes.  (Rabenhorst).  In 
American  species  the  chlorophyl  filament  spiral  and  lite  to  that  of  Spirogyra, 

Memarks. — This  genus  was  originally  made  by  Kiitzing  to  contain  a  single 
species,  which  possesses  the  characters  given  in  the  diagnosis  of  Prof.  Rabenhorst 
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I  have  met  with  an  American  plant,  which  has  some  of  these  characters,  and  at  the 
same  time  others  which  have  been  supposed  to  belong  to  the  genus  Spirogyra.  It 
unites  the  method  of  reproduction  of  Sirogonium  and  the  arrangement  of  the 
.  chlorophyl  band  of  Spirogi/ra,  standing  as  it  were  midway  between  them.  It  is 
not  midway,  however,  but  much  nearer  Sirogonium,  for  the  passage  from  a  very 
loose  spiral  to  a  longitudinal  flexuous  filament  is  a  brief  one,  and  although  in  some 
cells  of  8.  retroversum  tlie  spiral  makes  a  number  of  turns ;  in  other  long  cells  it 
scarcely  gets  ai-ound  once,  in  otiier  words  the  chlorophyl  band  is  nearly  straight. 
On  the  other  hand,  the  reproduction  is  strictly  that  of  S.  sirictmn,  at  least  in 
all  cases  which  have  come  under  my  notice.  There  is,  therefore,  but  one  of  two 
things  to  be  done,  either  to  xmite  Sirogonium  with  Spirogyra,  or  else  to  give  up 
the  arrangement  of  the  chlorophyl  as  an  essential  character  of  the  former  genus. 
The  great  variance,  in  the  latter  respect,  in  our  American  species,  greatly  weakens 
the  value  of  any  such  character,  and  I  have,  therefore,  preferred  tlie  latter  of  the 
two  courses. 
S.  retrorersum,  Wood. 

S.  articulis  sterilibus  diametro  T-15  plo  longioribus ;  fasciia  spiralibns  1,  rare  2,  latis,  grana- 
latia  ;  anfractibua  1-9  ;  articulis  fertilibus  valde  tumidis,  retroversis ;  conjugatione  genuflexa  et 
sine  tabo  connexivo ;  cytiodermate  nonnihil  crasso,  utroque  fine  proteDso  vel  replicato ; 
eporia  ellipticis. 

/)iam.— Art.  stcril.  ^J Jjr"  =-00146"i  spor.  ]at.  tU/— TEu-ij"=-00133" — .0016";  long.  ,|3/ 
=  0033". 

Syn. — 8.  retroversum,  Wood,  Prodromus,  Proc.  Am.  Phil.  Soc.  1869,  p.  139 

nab. — In  stagnis,  propo  Philadelphia. 

Sterile  joints  T-15  times  longer  than  broad;  chlorophyl  band  1,  rarely  2,  broad,  granulate; 
turns  1-9  ;  fertile  article  very  tumid,  rctroverted  ;  fertile  cells  scarcely  swollen  ;  cell  wall  folded 
in  at  the  ends;  chloropliyl  band  single;  turns  6;  spores  oblong  or  elliptical,  spore  wall  very 
thick. 

Hemarks. — I  have  found  this  species  growing  in  stagnant  ditches  in  the  Neck 
below  the  city.  In  fruit  the  cells  arc  almost  always  very  markedly  bent  backwards, 
and  have  a  broad  pouch-like  dilatation  in  front.  The  spores  are  elliptical,  and,  as 
I  have  seen  them,  greenish  and  with  a  thin  coat,  but  may  not  have  been  completely 
matured, 

rig.  1,  pi.  16,  represents  this  species. 

Genus  MESOCAEPUS,  Hassali. 

CellulEe  massa  chlorophyllosa  initio  diffusa,  postea  in  fasciam  longitudinal  em,  hand  raro  flexuosam 
contracta;  nacleum  centralem  et  graiium  amylaceum  unicnm  vel  duo  involvens.  Zygospora  globosa 
Tel  ovata,  in  tubo  connexivo  inter  celluias  binas  pins  minus  genuflexas  formata. 

Chlorophyl  mass  in  the  beginning  diffused  in  the  cell,  afterwards  contracted  into  an  often  flexuous 
fascia,  and  involving  a  central  nucleus  and  one  or  more  starch  granules.  Zygospore  globose  or 
ovate,  formed  in  the  connecting  tube  between  two  more  or  less  bent  cells. 

in.  scalaris,  Hassall. 

M,  cellulis  sterilibus  diametro  3-C  plo  longioribns,  fertilibus  valde  curvatis ;  zygosporis  ovalibus. 
Diam.~Max.  ,9^,,  =  ,0011", 
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Syn.—M.  scalaris.  Hassall,  Presli-Water  Algie,  vul.  i.  p.  IGC,  ct  Rabbnhorst,  Flora  Europ. 

Algarum,  Sect.  III.  p.  257. 
ffab. — In  fossis,  prope  Philadelphia. 
Sterile  cells  3-6  tinma  longer  than  their  diameter,  fertile  strongly  curved  ;  zygospores  oval. 

Remarks. — This  species  is  abundant  in  the  stagnant  ditches  near  Camden.  It 
agrees  well  with  the  descriptions  of  the  European  form.  I  have,  however,  never 
seen  it  in  the  state  in  which  it  has  "  fuscous  spores."  They  have  always  been 
greenish,  but  very  possibly  were  not  fully  matured. 

Fig.  5,  pi.  15,  represents  a  pair  of  cells  of  this  species  just  commencing  to  con- 
jugate. 

M.  parrulus,  Hassall. 

M.  cellnlis  diaiiietro  (0.00031"— 0,00041")  5-1 2  plo  longioribus ;  zygosporis  gloho.sis,  plerumqiie 

0.00063"  latis,  sporodermate  fusco  lievi.  (11.)     Species  mihi  ignota. 
Syn.—M.  parvulus,  IIabsal,  Fresh-Water  Algte,  vol.  i.  p.  169,  et  Rabjniioebt,  Flora  Europ. 

Algaruni,  Sect.  III.  p.  251. 
J9a6.— Rhode  Island;  (S.  T.  Olney)  Thwaites. 

Cells  5-12  times  longer  than  their  diameter  (0.00031"— 0.00041") ;  zygospores  globose,  mostly 
0.00062"  broad,  spore  coat  fuscous  smooth. 

Genus  PLEUROCARPUS,  A.  Braun  (1855). 

Cellnlai  effidem  qnte  in  Mesocarpo;  copulatio  lateralis  et  sporifera,  nonnunqHam  genuflexa  ct 
plerumque  sterilis.   (R.) 

Colls  like  those  in  Mesocarpus;  conjugation  lateral  and  sporiforons,  somewhat  gennflcxuous  and 
mostly  sterile. 
P.  mirabilis,  Bkaun. 

P.  cellnlis  diametro  (0  0011" — 0.0013")  3-5  plo  longioribus;    zygosporis  snhglobosis,  fuscia, 

lievibas.  (R.)     Species  mihi  ignota. 
Syn. — Mougeolia  genujiexa,  Agardh.     Bailby,  Silliman's  Journal.     New  Series,  vol.  iii. 

Pleurocai-pus  mirabilis,  A.  Bea«N.  Rabenhorst,  Flora  Eorop.  Algarum,  Sect.  III.  p. 
258. 
J£ab. "West  Point,  New  York;  Providence,  Rhode  Island ;  Detroit,  Michigan  ;    Fort  Winne- 
bago, Wisconsin  ;  Baiiey. 
Cells  2-5  times  longer  than  their  diameter  (0. 0011"— 0.0013")  ;  zygospores  subglobose,  fuscous, 
smooth. 

Order  Siphophycese. 

AlgK  unicellulares.  Cellnl.a  ufriculiformis,  plerumque  raniulosa  ;  famuli  vegetatione  terminal! 
prffiditi,  s»pe  demunv  septo  discreti,  et  alteri  in  oosporangia,  alteri  in  antheridia  transmutantur. 
Cytioplasma  viride,  grnnulosum,  mueilaginosum,  vesiculis  chlorophyllosis  et  granulis  araylaceis 
replctam,     Propogatio  fit  aut  cjtiogenesi  libera,  aut  zoogonidiia  aut  oosporis. 

TJnieellular  algse.  Cells  utrieuliforra,  mostly  branched ;  branches  with  a  terminal  vegetation, 
often  finally  cut  off  by  a  partition  wall  and  transformed  into  antheridia  or  oosporangia.  Cytioplasm 
green,  granular,  mucilaginous,  filled  with  chlorophyl  vesicles  and  starch  granules.  Propogation 
either  by  forming  minute  S[>ores  by  fi'ec  cell  formation,  or  by  zoospores,  or  by  oospores. 
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Family  HYDROGASTRE^. 

Plantulffi  minimte,  terrestres,  gregarise.  Cellula  initio  globosa,  postea  clavato-  vel  pyriformi- 
iiitumeseeiis,  basi  attenuata  eloagata  et  in  ramulos  Bubtillissimos  liyalinoa  partita.  Cytioplasma 
mucilaginosiim,  setate provecta  gonidia divisione  simnltanea  transformatnni.  Cy tioderma  lamellosiim 
ffitate  provecta  dilabena  et  contabescena  et  gonidia  liberana. 

Plants  Tory  small,  terrestrial,  gregarioua.  Cells  in  the  beginning  globose,  afterwards  clavato  or 
pyriforra,  with  an  elongated,  attenuated  base,  divided  into  very  fine,  byaline  branches.  Cytioplasm 
mucilaginous,  at  maturity  transformed  by  a  simultaneous  division  into  gonidia.  Cytioderm  lamel- 
late, at  maturity  wasting,  withering  away  and  setting  free  the  gonidia. 


is. — The  Hydrogaatrem  are  curious  little  unicellular  plants,  -which  grow 
upon  wet  earth.  The  matured  frond  is  swollen  up  at  one  end  to  form  a  subglobular 
or  pyriform  head,  whilst  at  the  other  end  it  is  produced  into  a  long,  much-branched, 
very  fine  root-like  portion  ■which  enters  the  earth  and  maintains  the  little  plant  in 
its  upright  position.  The  green  endochrorae  is  contained  almost  entirely  in  the 
head,  and  forms  generally  a  coat  or  layer  in  the  outer  portion  of  its  cavity,  the  inner 
part  of  which  appears  to  be  occupied  by  a  watery  fluid. 

The  only  specimens  which  I  have  seen  of  this  family  were  found  growing  in  the 
mud  left  by  the  receding  water  of  a  recently  drawn  mill  pond,  by  Dr.  Billings,  U.  S.  A. 
When  I  got  them  they  were  thoroughly  dried  up,  and  consequently  no  opportunity  of 
studying  their  development  was  aff'orded.  According  to  Kiitzing  and  Braun,  the 
species  is  propagated  ordinarily  by  the  breaking  up  of  the  chlorophylous  layer  of  pro- 
toplasm lining  the  wall  of  the  cell  into  a  larger  number  of  very  small  globular  spores. 
These,  although  not  endued  with  the  power  of  motion,  seem  from  their  method 
of  formation  and  history  to  be  homologous  with  zoospores.  In  most  cases  they 
are  set  free  by  the  membrane  of  the  parent-cell  becoming  gelatinously  softened, 
swelling  up,  collapsing,  and  finally  dissolving  away.  The  little  protococcoid  cells 
then  enlarging,  develop  at  one  end  a  hyaline  prolongation  which  penetrates  into 
the  ground.  Growth  and  development  continuing  the  upper  end  of  the  cell  swells 
up  into  the  ovate  or  globular  head,  whilst  the  lower  becomes  the  hyaline,  branch- 
ing, root-like  portion  of  the  new  frond.  No  indication  of  this  method  of  repro- 
duction was  discoverable  in  the  plants  which  Dr.  Billings  sent  me.  The  evident 
afiinities  of  the  family  with  the  Vauckeriacece  render  it  exceedingly  probable  that 
there  is  in  it  some  method  of  sexual  reproduction,  as  yet  undiscovered,  allied  to 
that  which  occurs  in  the  latter.  In  some  of  the  specimens  sent  me,  there  were 
what  appeared  to  be  resting-spores  (pi.  XVI.,  fig.  2  a),  occupying  the  whole  of  the 
cavity  of  the  cell,  from  which  they  appeared  to  be  finally  discharged  by  a  decay 
and  rupture  of  the  outer  coat  or  wall.  How  these  bodies  were  formed,  and  whether 
they  really  have  power  to  reproduce  the  species  I  cannot  telL 

Genus.  HYDROGASTRUM,  Dest. 

Character  idem  ae  famjlise. 
Characters  that  of  the  family. 
H.  granulatam,  (Linn.)  Desv. 

H.  plerumque  gregarium,  pspe  aggsfegatum,  baud  raro  conflucns ;  cellula  e  globoso-pyriformi, 
magnitudine  seminis  papavcris  vel  sitiapios  et  ultra,  prasjno-viridi  superficic  pulvcrulcnta.  (R.) 
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St/h. — Bolrydiwm.  argillaceum,  Wallroth.     Eabenhorst,  Flora  Earop.  Algarum,  Sect.  III. 
p.  265. 
Hydrogastrum  granulaium,  (Linn^sus)  Desv.     Rabeshoest,  loc.  cit. 

Hab Delaware  ;    (Dr.  Biiljngs)  Wood  ;  West  Point,  New  York  ;  Providence  and  Xewport, 

Rhode  Island ;  Bailey. 
Mostly  gregarious,  often  aggregate,  not  rarely  confluent ;   cells  pyriform,  of  the  size  of  a  poppy 
or  mustard  seed  and  larger  ;  pea-green ;  surface  pulverulent. 

Remarks.—  The  above  description  is  taken  from  Eabcnhorst's  work,  and  applies 
to  the  specimens  collected  by  Ur.  Billings  in  the  State  of  Delaware,  excepting  that 
I  did  not  discover  any  of  them  to  be  confluent,  nor  was  their  surface  distinctly 
pulverulent.  Prof.  Kiitzing  gives  as  a  comparative  character  between  this  and  H. 
WallrotKii,  the  smaller  size  of  the  spores ;  but  Prof.  E.  says  nothing  about  this. 
There  were  no  spores  in  any  of  the  American  specimens,  and  I  think  it  somewhat 
uncertain  whether  or  not  the  plant  is  or  is  not  either  of  the  European  species.  It 
is  very  probable  that  it  will  be  discovered  that  the  only  true  specific  characters  are 
sexual,  and  consequently  have  not  as  yet  been  made  out  in  any  of  the  forms. 
Certainly  the  descriptions  of  the  species  as  at  present  given  seem  to  me  not  to 
contain  any  reliable  characters. 

Fig.  2  a,  ph  16,  represents  a  very  young  state  of  our  American  plant ;  fig.  3  is 
the  perfected  frond,  both  magnified  ninety  diameters;  fig.  9  a  shows  what  is  sup- 
posably  a  perfected  resting  spore  magnified  160  diameters. 

Family  VAUCHERIACE^. 

AlgEe  monoicse,  cEespitosEe,  unicellulares.  Ccllula  vegetiva  (thallnsj  vcgetatione  terminali,  utrieuli 
formi-elongata  et  ampliata,  prominentiis  plus  minus  elocgatia  raniosa. 

Propagatio  aut  sexualis,  fit  oosporis  ope  spermatozoidiorum  focuniiatis,  aut  non  sexualJs  zoogonidiis. 
Pructiflcatio  triplex  (melius  organa  fructification  is  tria)  : — 

1.  Sporangium  terminale,  ex  thalli  apice  plerumque  globoso-clavato-tumido  formatum,  septo  dis- 
cretnm,  cjtioplasmate  obscure  viridi,  demum  in  zoogonidium  (zoosporam,  Thar.)  unicum  perniag- 
num,  eiliis  vibratoriis  dense  obsitum  abeunto  farctum. 

2.  Oogonium  (oosporangium)  latcrale,  sessile  vel  prominentia,  plus  minus  elongata  vel  simplici 
vet  partita  pedicellatum,  cytioplasmate  tetate  provecta  in  oosporam  singulam  transmntato  fetum. 

3.  Antheridium  laterale,  sessile  vel  e  ramoli  lateralis  parte  snprema  septo  discreta  formatum,  in 
quo  spermatozoidea  (antherozoidea,  Thur.)  numeros  isaima  nascuntur,  denique  erumpunt.  Sperma- 
tozoidea  oblonga,  eiliis  duobus  insequilongis,  subpolo  antico  ortis  instrneta.  (R.) 

Monsecious  algse,  ctespitose,  uiiieellular.  Tegetative  cells  (thallus)  growing  at  tbe  ends,  elongate, 
utriculiform,  and  ampliate,  more  or  less  profusely  branched. 

Propogation  either  sexual,  with  oospores  which  are  fecundated  by  spcrmatozoids,  or  non-sexual, 
by  means  of  zoospores.     Organs  of  fructification  of  three  kinds : — 

1.  Sporangia,  which  are  terminal  and  mostly  formed  from  the  separation  of  clavately  swollen, 
■  globose  apex  of  the  thallus  (often  of  a  branch)  by  means  of  a  partition  ;  in  tlie  sporanginm  arises 

a  single,  very  large  zoospore,  which  is  densely  ciotbed  with  ciiia. 

2.  Oogonia  (oosporangia),  lateral,  sessile  or  pedicelatc  simple  bodies,  whoso  eytioplssm  is  finally 
converted  into  an  oospore. 

3.  Antheridium  lateral,  sessile,  or  formed  out  of  the  end  of  a  branch ;  the  spermatozoids  formed 
in  them  oblong,  furnished  with  two  unequal  cilia,  arising  near  the  front  end. 
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Bemarlis. — The  Yaucheriacete  are  amongst  our  most  common  fresli-water  algse. 
They  occur  generally  in  the  form  of  vast  numbers  of  individuals  interwoven  into 
broad  mats,  which  have  often  both  a  felty  look  and  feel.  When  growth  is  going 
on  rapidly,  these  mats  are  of  a  beautiful  vivid  green;  but  when  the  process  of 
sexual  reproduction  has  checked  the  life  of  the  individual  they  become  dingy  and 
dirty  looking.  The  thallus  is  composed  of  a  single  cell  and  is  almost  always 
branched.  The  branches  never  have,  at  least  in  any  of  our  species,  a  definite 
arrangement,  save  only  in  that  they  always  arise  from  the  side  and  not  from  the 
point  of  the  thallus.  In  the  European  species,  Y.  tuberosa,  however,  the  branches 
are  said  to  arise  both  from  the  point  and  sides  of  the  frond. 

The  frond  cell  is  generally  nearly  uniform  in  diameter  and  has  a  thick  outer 
wall,  which  is  composed  of  cellulose,  as  is  proven  by  the  action  upon  it  of  iodine 
and  sulphuric  acid  and  of  the  iodo-chloride  of  zinc  solution.  Within  the  cell  are 
chlorophyllous  protoplasm,  starch  granules,  watery  fluid,  and  a  few  scattered 
raphides  or  inorganic  crystals.  There  is  never  any  nucleus.  The  protoplasm  is 
often  very  granular,  and  is  mostly  collected  in  a  thick  green  layer  upon  the  inner 
surface  of  the  cell  wall,  leaving  the  centre  of  the  cell  free  for  the  more  watery 
contents. 

Growth,  except  in  the  very  young  fronds,  consists  exclusively  in  an  increase  in 
length,  and  takes  place  only  at  the  ends  of  the  thallus  or  in  the  portions  near  it. 
The  branches  are  almost  always  simple,  but  are  said  in  some  species  to  give  origin 
to  secondary  branchlets,  and  even,  at  times,  to  tertiary  ones.  They  grow  in  the 
same  manner  as  the  main  thallus,  i.  e.  by  additions  to  their  ends. 

When  the  thallus  of  a  YaticJieria  is  ruptured  by  external  injury,  or,  at  times, 
when  it  is  dying  from  some  hidden  cause,  a  number  of  bright  green  globes  of 
various  sizes  are  formed  out  of  the  endochrome.  These  appear  to  have  the  power 
of  independent  existence  for  some  time,  but  whether  or  not  they  ever  actually 
grow  into  new  thalli  I  am  unable  to  state. 

M.  Walz  asserts  that  he  has  obser^'ed  in  certain  species  the  formation  of  a  quiet 
spore  without  the  intervention  of  sexual  organs,  and  that  the  process  is  as  follows. 
The  end  of  a  long  or  short  twig  swells  up,  and  the  chlorophyl  and  protoplasm  from 
the  neighboring  parts  accumulate  in  the  enlarged  portion.  A  partition  wall  then 
forms  at  the  base  of  the  latter,  which  is  thus  changed  into  a  closed  chamber,  a 
sporangium.  The' green  contents  then  slowly  gather  themselves  together  into  a 
denser  and  denser  ball,  becoming  more  and  more  separated,  in  so  doing,  from  the 
wall  of  the  sporangium,  and  finally  secreting  around  themselves  a  distinct  mem- 
brane. After  the  formation  of  a  spore  in  this  way,  the  sporangium  opens  at  the 
apex  and  allows  it  to  escape.  Tlie  spore,  after  remaining  quiet  for  some  time  in 
the  water,  at  last  germinates  into  a  new  frond,  in  a  similar  manner  to  an  ordinary 
zoospore.  In  my  earlier  studies  of  fresh-water  algfe,  I  noticed  something  very 
similar  to  this  in  one  of  our  species,  but  convinced  myself  that  the  little  body  was 
nothing  but  a  zoospore,  whose  normal  development  had  been  perverted  by  unto- 
ward influences,  and  therefore  paid  no  more  attention  to  the  matter.  It  is  proba- 
ble that  the  life-history  of  the  bodies  observed  by  M.  Walz  is  capable  of  the  same 
explanation. 

23      August,  187S 
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Although  I  have  very  frequently  cultivated  Vaucherias,  I  have  never  been  so 
fortunate  as  to  see  them  form  their  zoospores,  nor  indeed  to  see  a  zoospore  in  its 
motile  state.  The  life-history  of  these  bodies  has,  however,  been  fully  and  repeat- 
edly worked  out  by  other  observers.  It  is  described  by  such  as  occurring  in  the 
following  manner.  One  end  of  a  branch  first  enlarges  into  a  bulbous,  often  conical, 
point,  into  which  the  neighboring  endochrome  crowds  itself.  This  point  is  next 
divided  off  by  a  partition  wall  from  the  remainder  of  the  thallus  and  constitutes  the 
zoosporangium,  the  contents  of  which  rapidly  condense  into  one  or  two  masses, 
generally  oval  in  shape,  each  of  which  eventually  forms  a  zoospore.  When  the 
latter  are  matured,  the  apex  of  the  zoosporangium  opens,  and  the  little  bodies 
within  slowly  and  gradually  emerge,  without  any  apparent  cause  for  their  motion. 
Sometimes,  according  to  Cohn,  instead  of  this  steady  outward  passage,  there  are 
repeated  forward  and  backward  movements  of  the  zoospores  within  the  case.  The 
zoospore  after  its  perfection  is  generally  oval,  and  very  large.  Within  it  there  are 
one  or  more  vacuoles,  and  surrounding  it  is  a  layer  of  colorless  protoplasm.  It  is 
remarkable  for  having  its  whole  surface  densely  covered  with  short  cilia.  Its  period 
of  motile  life  appears  to  be  very  brief;  according  to  Walz,  that  of  the  zoospore  of 
Y.sericea,  Lyngb.,  lasts  only  from  one-half  to  one  and  a  half  minute,  after  which 
time  the  cilia  are  lost  and  a  cellulose  wall  secreted  around  the  mass.  Germina- 
tion takes  place  by  the  growth  of  the  cylindrical  thread  out  from  each  end  of  the 
zoospore. 

True  sexual  reproduction  takes  place  in  this  family  by  means  of  aniJieridia  and 
ooffonia,  male  and  female  organs.  All  known  species  are  mostly  if  not  absolutely 
monEeeious,  both  organs  being  contained  in  the  one  individual  and  always  placed 
in  proximity.  AH  of  the  species  in  which  the  development  and  structure  of  the 
sexual  organs  have  been  studied,  agree  in  the  essential  points. 

The  first  appearance  of  the  antlieriJium  is  as  a  little  pouch  projecting  out  from 
the  side  of  the  thallus.  This  increases  in  size  and  soon  assumes  the  peculiar  shape 
of  the  species.  At  the  same  time  there  is  a  diminution,  according  to  M.  Walz,  of 
the  chlorophyl  in  the  antheridium,  so  that,  when  the  partition  wall  forms  and  shuts 
off  the  cavity  of  the  latter  from  that  of  the  thallus,  there  are  only  a  very  few  scat- 
tered green  granules  remaining.  The  antheridium  at  the  time  of  separation  con- 
tains, therefore,  only  transparent  protoplasm,  which  soon  becomes  granular,  and 
shortly  afterwards  exhibits  the  moving  spermatozoids,  which  appear  to  be  formed 
out  of  the  thick  layer  of  protoplasm  that  lines  the  inner  surface  of  the  cell  wall. 
The  point  of  the  antheridium  opens  so  soon  as  the  spermatozoids  are  perfected, 
and  allows  them  to  escape. 

The  formation  of  the  ooffonia  takes  place  very  similarly  to  that  of  the  antheridia. 
There  is  the  same  little  protrusion  from  the  side  of  the  thallus  in  the  commence- 
ment of  the  process,  the  same  after-growth  and  increase  of  this  pouch,  and  the  same 
formation  of  a  separating  wall  between  it  and  the  main  body  of  the  frond.  A  very 
marked  difference,  however,  is  to  be  found  in  the  contents  of  the  two,  the  oogonium 
from  the  very  commencement  being  crowded  with  chlorophyl  and  oil  globules. 
When  the  oosporangii^  is  completed,  the  end  of  it  opens,  and,  at  the  same  time, 
the  contents  gather  themselves  into  a  dense  protoplasmic  ball,  which  lies  in  the 
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centre.  The  sperinatozoiils,  which  are  at  this  time  already  free  in  the  water,  are  very 
minute,  longish,  ellipsoidal  or  ovate  masses,  provided  with  two  unequal  cifia.  These 
commonly  both  arise  together  from  one  end  of  the  body,  and  are  directed  in  oppo- 
site directions — one  backwards,  the  other  forwards.  According  to  M.  Walz,  how- 
ever, in  V.  sericea  the  cilia  arise  from  the  opposite  ends.  According  to  De  Bary, 
the  spermatozoids  of  V.  aversa,  HassaU,  contain  reddish  pigment-granules.  M. 
Walz  states  that  he  has  twice  seen  the  process  of  impregnation  in  V.  seiicea,  Lyngb., 
and  describes  it  essentially  as  follows:  After  the  bursting  of  the  antheridium  and 
the  formation  of  the  opening  in  the  oogonium,  the  spermatozoid  clustered  around  the 
little  orifice  in  the  latter,  but  were  apparently  debarred  entrance  by  the  presence  of 
a  glutinous  jelly.  After  a  time,  however,  one,  and  then  another,  forced  a  passage 
through  this  obstacle  until  finally  a  number  gained  access  to  the  protoplasmic  ball 
within.  Over  this  they  swarmed,  pushing  it  and  retiring  and  butting  against  it 
until  some  of  them  actually  forced  their  way  into  it  and  were  absorbed  by  it.  Im- 
pregnation being  now  completed,  the  oospore  acquired  a  very  sharp  definite  outline, 
and  secreted  in  a  very  short  time  a  membrane  around  itself.  The  changes  which 
followed  during  its  maturing  consisted  of  the  acquiring  of  a  thick  coat  and  the 
replacing  of  the  chlorophyl  within  by  a  reddish-brown  coloring  matter.  The  ripened 
resting  spore  of  almost  all  the  Vaiuiheria  is  provided  with  three  coats,  of  which  the 
middle  is  the  thickest.  The  contents  consist  of  protoplasm,  reddish-brown  pigment, 
and  numerous  oil  globules. 

Genus  VAUCHEEIA. 

Genua  Dnicum,  cbaracter  idem  ac  fa.mili:e. 

The  only  genus  of  the  family,  having  the  same  characters. 

V.  sessilis,  (Vaucu,)  De  Candolle. 

V".  laxe  intricata,  pallide  et  subsordide  viridis;  thallo  capillari,  parce  ramoso ;  oogoniis  2-3 
approxiraatis,  rarioa  singulis,  ovatia  vel  ovali-oblongis,  plus  minusve  obliquis,  rostratis ;  anthe- 
ridio  intermedio,  ramuh  modo  brevi  hamato,  modo  recto  subulato,  subclavato,  modo  elongato 
et  iiicurvato,  haud  raro  circinato  sustentato;  ooaporis  maturis  fusco-punctatis,  meinbrana 
triplici  involutis.   (R.) 
Syn. —  V.  sesailis,  (Vaucii.)  De  Candolle.     Rabeniiorst,  Flora  Europ.  Algar.,  Sect.  III.  p. 
267. 
V.  caespitosa,  (Vauch.)  Agardu.     Raeenhoest,  loc.  cit. 
Hah. — Salem,  North  Carolina ;  Schweinitz.    Common  at  West  Point,  New  York ;  Watcrville, 
Maine;   Culpepper  Co.,  Va. ;  Bailey. 

Laxly  intricate,  pale  and  subsordid  green;  thallus  capillary,  sparsely  branched;  oogoaia  2-3, 
approximate,  rarely  single,  ovate  or  oval-oblong,  more  or  less  oblique,  rostrate;  antheridia 
intermediate,  sustained  upon  branches  partly  shortly  hamate,  partly  straight  subulate,  sub- 
clavate,  partly  elongate  and  incurved,  and  not  rarely  circinnate ;  oospores  at  maturity,  fus- 
eouB-punctate,  surrounded  by  a  three-fold  membrane. 

Remarh. — I  think  I  found  this  species  near  Philadelphia  in  my  earliest  re- 
searches, but  cannot  speak  certainly,  having  preserved  neither  notes  nor  specimens. 
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v.  Telutina,  As. 

V.  tliallo  repente,  raraulis  eruetis,  iiumeroais,  fastigiatis,  iu  casspitem  velutiaum  laete  viridem 
iiitricatis ;  oogoniia  lateralibus  singulis,  globosis,  sessilibus,  aEtheridio  paulo  longiore  nnico 
siibulato  levitcr  incurvato  eonsociatis    (R.)     Species  mihi  ignota. 

i>i'((ni.— Oogonii  0.0023"— 0.0021".    (11.) 

Syn. —  V.  velvtina,  Agardh.     Rabenhorst,  Flora  Europ.  Algarum,  Sect.  III.  p.  214. 

Eab. — Salem,  Worth  Carolina;  Schweinitz,  Common  at  West  Point,  Kew  York;  Watcrvilly, 
MaiDe;  Culpepper  Co.,  Va.;  Bailoy. 

"  PHameEts  exceedingly  tough,  interwoven  into  a  dense,  velvety,  green  Htratnm,  pellucid  below 
and  creeping  over  the  mud ;  branches  near  the  extremity  erect,  fastigiate,  and  more  or  less 
crooked  ;  vcsiclca  solitary,  globular,  on  short  lateral  peduncles."  Carmichacl. 

V.  geininata,  (Vauch.)  De  Casdolle. 

V.  obscure  vel  sordide  viridis,  in  casspitos  dense  intricata;  thallo  capillari,  tcnaci,  dichotomo  ; 
oogoniis  duobus  (rarius  1  ve!3),ovatia  vel  obovatis,  oppositis,  distinctepedunculatia,  antiiertdio 
intermedio  suhulato,  plus  minus  recurvo ;  oosporis  matnria  fusco-ma^ulatis,  sporodeitnate 
aebroo  e  stratis  tribus  composite  involutis;  sporangiis  in  eodem  vel  proprio  thallo, cy at biformi- 
ampliatis  truncatis  et  angulato-conmtis.   (R.) 

Syn. —  V.  geminata,  (Taucu.)  De  Candolle.  Kagenuorst,  Flora  Europ.  Algarum,  Sect.  III. 
p.  269. 

Hah. — In  stagnis,  prope  Philadelphia;  Wood, 

Obscure  or  sordid  green,  densely  interwoven  into  a  turfy  mass ;  thallus  capillary,  tenacious, 
dicbotomous  ;  oogonia  two  (rarely  1-3),  ovate  or  obovate,  opposite  distinctly  pedunculate, 
antheridia  intermediate,  subulate,  more  or  less  recurved ;  oospores  at  maturity  spotted  with 
fuscous,  their  coat  transparent  and  composed  of  three  strata ;  sporangia  in  the  same  or  a  sepa- 
rate thallus  swollen  cap-shaped,  truncat*  and  horned  at  the  angles. 

Bemarha. — I  have  found  this  species  in  fruit  but  once,  then  it  grew  in  a  ditch 
below  the  city.  Not  having  mounted  any  of  it,  nor  having  vritten  a  description 
of  it  at  the  time,  I  have  been  forced  to  simply  copy  that  of  Trof.  Eabenhorst. 

v.  polymorpha.  Wood. 

V.  in  csespitea  dense  intricata ;  thallo  capillari,  tenui ;  anthcridiis  corniculatis  ex  rainuH  lateralis 
apice  formatis  ;  ramulia  fcrtilibus  interdum  et  oogoniis  et  anthcridiis  instruetis,  interdum 
antheridiis  solum  ;  oogoniis  plerumque  geminis,  interdum  singulis,  globosis  vel  ovatis,  stepe 
breve  ro stratis,  plerumque  distincte  pedunculatia  sed  rarius  se.ssiUbus ;  oosporis  enormiter 
subglobosis  vel  ovatis ;  sporodermate  achroo,  e  stratis  duobus  composite. 

Syn. —  V.  polymorpha.  Wood,  Prodromus,  Proceedings  Amer.  Philos.  Society,  1869,  p.  UO. 

Hob. — lu  aquis,  prope  "Buffalo  Bayou,"  Texas;   (Ravenel.) 

Caespitose  ;  thallns  hair-Iikc,  thin  ;  antheridia  corniculate,  formed  of  the  apes  of  lateral  branches  ; 
fertile  branches  sometimes  furnished  both  with  oogonia  and  antheridia,  sometimes  with 
antheridia  alone  ;  oogonia  sometimes  single  but  mostly  in  pairs,  occasionally  shortly  rostrate, 
generally  distinctly  pedunculate  but  sometimes  sessile;  oospores  irregularly  subglobose  or 
ovate,  surrounded  by  a  transparent  double  spore  coat. 

Femarhs. — This  species  was  collected  by  Prof  Ravenel  near  the  city  of  Houston, 
Texas.  As  I  received  the  mass,  it  was  labelled  as  being  obtained  from  "  a  shallow 
slimy  pool  formed  by^drippings  from  the  side  of  a  ravine  near  Buffalo  Bayon." 
The  species  probably  grows  in  the  water,  evidently  forming  turfy  mats.     It  is 
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remarkable  from  the  fact  that,  whilst  in  many  cases  the  little  branches  which  pro- 
duce the  antheridia  give  origin  to  the  spores  also,  in  others  they  do  not;  so  that 
there  are  numerous  antheridia,  which  are  unconnected  with  any  female  organs. 
When  a  branch  does  produce  both  of  the  reproductive  organs  it  usually  forks  into 
three  short  branchlets,  thus  giving  origin  to  a  pair  of  sporangia  and  a  single  curved, 
hooked  antheridia.  Sometimes,  however,  there  is  but  a  single  female  branchlet, 
and  I  have  even  seen  a  sporangium,  immediately  sessile  upon  a  branch,  which  at 
its  apex  gave  origin  to  a  male  organ.  In  the  coat  of  the  perfected  spore,  I  have 
not  been  able  to  find  more  than  two  distinct  strata. 

Figs.  3  and  3  a,  pi.  20,  represent  sporangia  and  antheridia  of  this  species  ;  3  6, 
a  simple,  young  and  only  partly  formed  antheridia,  magnified  160  diameters;  3  c, 
a  perfected  spore  magnified  260  diameters. 

V.  sericea,  LY.vaBTE. 

V.  aquatica  ve!  terrestris,  csespitosa,  vel  sordide  vel  Icete  vel  luteolo-Tiridis;  thallia  tenuibns, 
dense  intricatia,  laxe  et  vage  rainosis,  raraisque  ssepe  adacenduntibua  vel  erectis  ;  oogoniis  ses- 
silibus  ve!  brevissime  pedicellatis,  1-6  seriatis,  unilateralibus,  oblique  et  enormiter  oyalibus, 
orelaterali  producto  rostellatis ;  antlieridiis  in  thallo  ipso  jasta  oogoniis  eessilibus,  cyiiii- 
draeeo-sabciaTatis,  defiexis;  sperm atozoideis  oblongis,  puiicto  rubro  notatis  (teste  de  Barj), 
in  utroque  polo  cilio  miico  prteditis. 

Syn. —  V.  aversa,  IIassall,  Fresh-Water  AlgK,  p.  54. 

V.  sericea,  Lyngbye.     Rabenhokst,  Flora  Europ.  Algarum,  Sect.  III.  p.  2U. 

Sab. — Prope  Philadelphia;  Wood. 

Aquatic  or  terrestrial,  occurring  in  lurfy  mats  of  a  yellowish,  dirty,  or  bright  green  color ;  fronds 
thin,  densely  intricate,  laxly  and  vaguely  branched,  often  together  with  the  branches  ascending 
or  erect ;  oogonia  sessile  or  very  shortly  pedicellate,  1-6  seriate,  unilateral,  obliquely  irregu- 
larly oval,  their  lateral  mouths  produced  into  a  rostellnm  or  beak ;  antheridia  sessile  upon  the 
thallua  itself  near  the  oogonium,  somewhat  cylindrical,  snbclavate,  dcflexed  especially  in  age ; 
spcrmatozoids  (according  to  De  Bary)  oblong,  marked  with  a  red  point  and  furnished  with  a 
single  cilia  at  each  end. 

Remarks. — I  can  perceive  no  constant  differences  between  V.  sericea,  Lyng.  and 
Y.  aversa,  Hass.  The  extreme  forms  differ  somewhat,  but  both  are  very  common 
about  Philadelphia,  and  everywhere  grade  into  one  another.  Prof.  Kabenhorst 
thinks  that  the  two  forms  are  scarcely  distinct,  and  states  that  the  most  character- 
istic differences  are,  that  in  Y.  aversa,  the  thallus  is  much  thicker,  and  the  oogonia 
larger  and  more  erect,  whilst  the  oospores  are  smaller  and  consequently  do  not  fill 
the  cavity  of  their  case.  These  differences  are,  except  the  last,  simply  differences 
in  size,  and  seem  to  me  to  depend  simply  upon  circumstances  of  growth.  The  rela- 
tively smaller  size  of  the  spore  is  a  very  frail  hook  indeed  to  hang  a  species  upon. 

The  plant  grows  in  springs  and  actively  running  water  abundantly  in  this  neigh- 
borhood ;  also  on  very  wet  ground,  especially  on  that  which  is  habitually  overflowed, 
such  as  the  face  of  dams,  neighborhood  of  springs,  &c.  In  the  water,  it  is  frequently 
on  the  ground,  but  also  often  clothes  such  objects  as  stones,  largish  sticks,  &c. 

Order  ^ematophycese. 

Algse  multicelullares,  ch!orophylloste,.^nembranaceK  vel  filamentosa:,  ramificatione  aut  instructse 
aut  destitutse,     Propogatio  fit  aut  oosporis  aut  zoogonidiis,  sed  nunquiim  conjugatione. 
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Multicellular,  ehlorophjllous  algsB,  membranaceons  or  filamentous,  furnished  with  or  destitute  of 
branches.     Propagated  by  oospores  or  zoospores,  never  by  conjugation. 

Family  ULVACILE. 

Thallus  memfaranaceus  vel  foliaecus,  vel  filiformis  (Schizomeris  ?)  rarius  crusta«eus,  e  celiuiarum 
Strato  uiiico  formatus,  aut  expansua  aut  tubuloso-  vel  vesieuloso-concretus. 

Propogatio  fit  zoogotiidiis,  cytioplasmatis  divisione  rcpetita  ortis.  Zoogonidia  oblonga,  polo 
antico  ciliis  rel  binia  vel  teruis  vel  quarternis  instructa. 

Tballus  membranous  or  foliaceous,  rarely  crustaceous,  composed  of  a  single  stratum  of  cells,  either 
expanded  or  tubularly  or  ve si cularly  concreted. 

Propagation  by  means  of  zoogonidia,  formed  by  the  repeated  division  of  the  cytioplasm.  Zoogoni- 
dia oblong,  furnished  with  two,  three,  or  four  cilia  at  the  anterior  end. 

Genus  PROTODERMA,  Ktz. 

Thallus  erustaceus,  indeterminatus,  sabstrato  arete  adhairens,  e  cellulis  nnguloso-rotundatrs, 
irregulariter  ordinatis,  arete  conuexis  compoaitus. 

Propagatio  igiiota. 

Thallus  crustaceous,  indeterminate,  closely  adherent  to  tbe  substratum,  composed  of  closely  con- 
joined irregularly  arranged  angularly  rounded  cells. 

Propagation  unknown. 

P.  Tiride,  Ktz. 

P.  Tiride,  lubrieum. 

Spi. — -P.  viride,  Kutzino.     Rabenhorst,  Flora  Europ,  Algarum,  Sect.  III.  p.  307. 

Hab. — In  aqaario;  Wood. 

Green;  slippery. 

Remark. — I  have  seen  a  plant,  which  I  talvc  to  be  this  species,  growing  on  the 
glass  and  on  pebbles  in  the  aquarium  of  my  friend.  Dr.  Fricke. 

Genus  ULVA,  Linn. 

Thallus  membranaceus,  plane  expansns,  angustus  vel  latus,  nonnunquam  latiesimns,  magis  minusve 
nndalato-  crispatns,  stepe  laciniatns,  hand  raro  perforatus,  e  celiuiarum  strato  unico  formatus,  eallo 
disciformi  parvo  affixus,  jetate  provecta  stepe  libere  natans.  CellulEe  anguloso-rotundatce,  coiloplaa 
maticEe,  parenchymatice  eonnexse. 

Vegetatio  celiuiarum  divisione  in  duas  directiones  repetitia.  Propogatio  fit  zoogonidiis,  in  cel- 
lulis quibusdam  cytioplasmatis  divisione  4,  8-16  ortia,  ciliis  vibratoriis  quaternis  longitudine  cor- 
poris longitudinem  vix  superantibua  iostructia. 

Thallus  membranous,  expanded,  narrow  or  broad,  sometimes  very  broad,  more  or  less  undalately 
curled  or  crisped,  often  laciniate,  Dot  rarely  perforate,  formed  of  a  single  stratum  of  cells,  fastened 
by  a  small  discoid  thickened  portion,  in  advanced  ago  often  swimming  free.  Cells  angularly  glo- 
bose, joined  into  a  sort  of  parenchyma. 

Growth  occurring  by  the  repeated  division  of  the  cells  in  two  directions.  Propagation  by 
zoospores,  4-8-16  of  which  are  formed  at  once  by  a  division  of  the  endochrome  of  eertaui  cells, 
and  are  furnished  with  four  vibratile  cilia  scarcely  longer  than  the  body, 

v.  merismopcdioides,  Wood. 

TJ.  arapla,  memhranaeea,  late  cxpansa,  dilute  viridis,  tenuis,  rndiatim  et  enormiter  plicata,  ambitu 
Siepe  suhrotundata ;  margine  undulato,  interduro  snberenato  ;  cellulis  enormiter  ovalibus  vel 
angularibua,  nacleo  destitulis,  quartemariis  et  in  famllias  Merismopediarum  niodo  obscnro 
associatis. 
Diam.—CeW.  max.  y^Sj^"  =  .00041',  plerumquc  j^^j^^" —.-^.^^^g"  =  .00016'—  .00025. 
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Syn- — U.  merismopedioides,  Wood,   Botanical  Report  of  the   United  States  Geological  Kx- 

ploration  of  the  Fortieth  Parallel,  p.  415. 
Hob. — In  torrentibus,  Diamond  Range  {alt.  6000  ft,),  Rocky  Mountains ;  (Sereno  Watson)  Wood. 
Thallna  ample,  broadly  expanded,  membranaceous,  dilute  green,  thin,  radiately  and  irregularly 

plicate  with  its  outhne  often  somewhat  rounded;  its  margin  undulate  or  at  times  almost 

creuate ;  the  cells  irregularly  oval  or  angular,  destitute  of  nucleus,  qaarternarj  and  obscurely 

arranged  in  families  after  the  manner  of  a  merismopedia. 

Remarhs. — The  largest  fronds  of  this  species  that  have  come  under  my  notice 
are  about  three  inches  long  by  two  broad,  thin,  easily  torn,  and  not  all  gelatinous. 
The  portion  by  which  they  have  been  attached  is  very  evident,  near  one  of  the 
mai'gins,  and  from  it  broad  undulations  or  folds  radiate.  Sometimes  the  frond  is 
split  up  into  palmate,  lobe-like  parts. 

The  cells  are  not  closely  approximate,  but  are  placed  in  a  homogeneous  translucent 
membrane,  in  such  a  way  as  to  remind  one  of  a  Merismopedia. 

I  do  not  feel  certain  that  this  plant  is  distinct  from  U.  orhiculata  of  Rabenhorst, 
though  for  the  present  I  have  preferred  so  to  consider  it.  His  description  is  very 
brief  and  incomplete,  as  is  also  the  original  one  of  Thuret,  which  I  have  con- 
sulted. Prof.  R.,  however,  gives  U.  laiissima  of  authors  as  a  synonym  of  U.  or- 
hiculaia,  and  certainly  this  plant  is  distinct  from  U.  hitissima,  Harvey,  of  our 
coast.  Again  it  seems  impossible  that  a  plant  growing  near  the  summit  of  the 
Rocky  Mountains  should  be  identical  with  one  found  on  the  coast  of  France. 
Prof  Sereno  Watson  found  this  plant  growing  on  rocks  in  a  mountain  stream  of 
the  Diamond  Range,  at  an  altitude  of  6000  feet. 

Genus  ENTEROMORPHA,  Link. 

Thallus  membranaceus,  tubnlosus  vel  ntriculiformis,  basj  afftxus  (saltern  initio,  posfea  siepo  libore 
natans).  e  cellularum  struto  unico  compositus,  siepe  ramosus,  haud  raro  raraoaissimus.  Propogatio 
fit  zoogonidiis.  Usee  aoogonidia  proceantur  in  cellulis  quibusdam  8-16  cytioplasmatis  divisione 
repetila,  in  polo  antico  rostriformi  ciliis  duobus  corpus  dupio  snpcrantibus  prfedita.   (R.) 

Thallus  membranaceous,  tubular  or  bladder-shaped,  affi.Ycd  by  the  base  (at  least  in  the  beginning, 
often  afterwards  floating  freely),  composed  of  a  single  stratum  of  cells,  often  branched,  not  rarely 
very  much  branched.  Propagation  by  means  of  zoospores.  S-l(i  of  which  are  formed  by  the 
repeated  division  of  the  protoplasm  of  a  cell  Their  anterior  beak-like  portion  provided  with  two 
cilia  whose  length  is  not  Jess  than  twice  that  of  the  body. 

E.  intestinaliB,  (Linn.)  Link. 

E.  teres,  forma  et  raagnitudine  admodum  varia,  stepe  pedalis  etiara  supra,  leploderma,  saturate 

vel  pallide  viridis,  filiformis  vel  intestiniformis,  plana  vel  bullosa;  cellulis  3-5-6  augularibns. 

(R.)     SpKcies  mihi  ignota. 
7?mm.— 0.00048"  — 0.0008".  (R.) 
Syn. — E.  intedinalis,  (LiNNJits)  Bailey,  Siliiman's  Journal,  N.  S.,  Vol.  IIL,  et  Rabenoorst, 

Flora  Europ.  Algarum,  Sect.  III.  p.  312. 
Uab — Hudson    River,    from    Newburgh    to    New    York    City;     Narragansett   Bay,    Rhode 

Island;   Bailey. 
Terete,  very  various  in  size  and  shape,  often  a  foot  or  more  in  length,  smooth,  deep  or   pale 

green,  filiform  or  intestiniform,  plaifi  or  bullose  ;  cells  3-5-6  angular;  their  diameter  0.00048' 

—  0.0008". 
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Genus  SCHIZOMEUIS,  KizA 

Thallaa  iilliforrala,  cjIindriciiB,  hie  illic  valdo  contractus,  basi  attenuata  affixua.  Vegelatio  fit  ttl- 
lularum  divisione  initio  in  duas  postea  in  tres  (?)  directionem.  Propogatio  fit  zoogonidiis.  Zoogo- 
nidja  in  thalli  juTenis  cellulis  orta,  ovata,  polo  aatico  ciliis  tribns  instructa. 

Thallus  filiform,  cylindrical,  here  or  tiicrc  strongly  contracted,  adnate  by  the  strongly  contracted 
base.  Growth  in  the  beginning  by  t)io  division  of  the  cells  in  two  directions,  afterwards  in  three 
directions.  Zoogonidia  formed  in  the  cells  of  the  young  tballus,  ovate,  their  anterior  end  furnished 
with  three  cilia. 

Remarks. — The  plant  from  which  the  above  generic  description  has  been  drawn 
up  grows  abundantly  in  our  ditches  below  the  city.  AVhcthcr  it  really  belongs  to 
tlie  genus  Schizomeris  or  is  the  representative  of  a  new  group  is  somewhat  uncer- 
tain. I  have  never  seen  the  European  plant,  but,  if  I  understand  the  descriptions 
of  it,  the  cells  in  it  are  all  arranged  in  a  single  plane.  This  certainly  is  not  the 
case  in  the  old  plants  of  our  North  American  form,  for  in  them  the  cells  are  so 
placed  as  to  make  a  thick  opaque  filament,  the  outside  of  which  everywhere  pre- 
sents the  outer  walls  of  cells.  The  life  history  of  the  European  species  has  not 
been  at  all  worked  out,  and  I  have  refrained  from  actually  indicating  a  new  genus, 
in  the  absence  of  absolute  knowledge  upon  the  subject,  because  the  specific  cha- 
racters of  the  two  plants  are  so  mnch  alike. 

I  have  had  some  opportunities  for  studying  the  life  history  of  our  American 
plant.  The  zoospore  fFig.  1  c.  pi.  XVIT.)  is  of  the  ordinary  conical  or  ovate  form, 
with  a  very  decided  transparent  anterior  end,  from  which  arise  three  cilia.  As  the 
number  three  is  a  rare  one  for  cilia  to  exhibit,  I  have  examined  several  zoospores 
with  care,  and  am  very  certain  that  they  had  no  more  or  less.  It  is,  therefore, 
probable  that  the  number  is  fixed  for  the  species,  although  just  possible  that  my 
finding  several  individuals  in  agreement  was  accidental.  The  zoospore  after  a 
period  of  free  life,  during  which  its  motion  is  very  active,  becomes  quiescent,  and, 
its  cilia  withering  away,  attaches  itself  by  its  smaller  end  to  some  twig,  stone,  or 
other  support.  At  the  same  time  it  appears  to  change  its  shape  somewhat,  grow- 
ing longer  and  narrower,  and  tlie  smaller  end  spreading  out  to  form  a  little  foot. 
Simultaneously  with  these  changes  the  young  plant  acquires  a  cellulose  coat,  and 
so  becomes  a  perfect  cell,  in  which  I  have  never  been  able  to  detect  any  nucleus. 
After  a  while  the  cell  thus  formed  divides  transversely  into  two,  which,  of  course, 
lay  end  to  end.  Each  of  these  cells  then  grows  until  it  attains  a  certain  size,  and 
then  the  transverse  division  is  repeated.  In  this  way  the  process  goes  on  until 
finally  a  long  filament  is  produced,  which  is  composed  of  but  a  single  series  of 
cells.  These  cells  are  much  broader  than  long,  and  are  placed  end  to  end,  so  that 
the  cylindrical  frond  is  made  up  as  it  were  of  disks  laid  one  upon  the  other. 
When  the  filament  has  in  this  way  reached  a  certain  stage  of  development,  one  of 
two  things  occurs,  either  the  cells  begin  to  divide  at  right  angles  to  the  plane  of 
their  previous  division,  or  else  the  production  of  zoospores  takes  place.  In  the 
first  instance  each  cell  divides  into  two,  four,  or  more  cells.  This  division,  I  believe, 
occurs  in  three  if  not  all  directions,  so  that  each  original  cell  is  represented  by  a 
number  of  cells,  and  a  sort  of  compound  filament  arises,  out  of  which  the  matured 
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large  trichoma  is  formed  by  a  continuation  of  growth,  and,  perhaps,  by  a  repetition 
of  the  division.  I  have  never  been  able  to  discover  that  any  reproductive  process 
whatever  takes  place  in  this  compound  filament,  and  am  very  confident  it  never 
produces  zoospores.  It  is  very  possible,  however,  that  it  may  in  some  way  give 
origin  to  resting  spores,  although,  as  above  stated,  no  indication  of  this  has  ever 
come  under  my  notice.  The  zoospores  are  formed  in  the  young  fronds  as  follows : 
The  endochrome  in  the  cell  concerned  gradually  separates  in  the  ordinary  manner 
into  several  distinct  masses,  which  soon  assume  a  more  or  less  irregularly  globular 
or  pyriform  shape.  Whether  the  number  of  these  masses  is  fixed  for  the  single 
cell  or  not  I  am  unable  to  state.  These  changes  occur  almost  simultaneously  in  a 
number  of  consecutive  cells,  commencing  with  the  most  distal  and  rapidly  spread- 
ing towards  the  base  of  the  filament.  When  they  are  pretty  well  advanced,  the 
walls  of  the  cells  undergo  some  alteration,  probably  a  gummy  degeneration,  whereby 
they  become  soluble  in  the  water.  As  the  division  of  the  endochrome  occurs  first 
in  the  most  distal  cells  of  the  filament,  so  does  also  this  change  in  the  cellulose  coat. 
When  the  endochrome  masses  are  well  shapen  and  distinct,  they  begin  to  exhibit 
motion,  becoming  uneasy,  restless,  changing  their  position,  rolling  on  themselves, 
and  pushing  against  one  another.  At  the  same  time  solution  of  the  cell  walls  com- 
mences, the  partitions  between  the  cells  disappearing,  and  the  outer  walls  spread- 
ing. These  changes  go  rapidly  forward,  and  in  a  little  while  the  zoospores  stream 
out  from  the  fading  end  of  the  frond,  jostling  and  crowding  as  though  eager  to 
enter  upon  their  new  life. 

Fig.  1  a,  pi.  17,  represents  the  basal  portion  of  an  old  filament  which  has  failed 
to  form  zoospores,  magnified  125  diameters.  Fig  I  b  was  drawn  from  a  young 
filament  during  the  process  of  forming  zoospores ;  owing  to  their  rapid  motion,  the 
cilia  of  the  latter  could  not  be  seen.  This  figure  is  enlarged  250  diameters.  Fig. 
1  c  represents  a  zoospore  which  has  Just  become  quiescent,  and  still  retains  its 
cilia,  although  they  have  lost  their  motile  power.  Fig.  1  d,  e,  c,  represent  the  very 
young  plant  in  different  stages  of  growth.     They  are  aU.  magnified  450  diameters. 

S.  Leibleinii,  Ktz.  ? 

S.  Iffito  viridis  ve!  saturate  nigro-viridis. 

IWam.— Max.  y^j".  =.08". 

Spi. — S.  Leibleinii,  Kutzinq.     Rabenhobst,  Flora  Europ.  Algarum,  Sect.  III.  p.  311. 

Hab. — In  fosBis,  prope  Philadelpbia. 

Bright  green  to  deep  blackish -green ;  largest  diameter  of  the  frond  y^j". 

Remarks. — Owing  to  the  profusion  of  zoospores  produced  by  a  single  filament 
at  one  time,  it  is  very  usual  to  find  large  numbers  of  the  younger  plants  attached 
so  closely  to  some  central  body  as  to  form  dense  masses  of  a  beautiful  green  color. 
The  support  of  these  small  masses  is  often  entirely  concealed,  and  I  have  frequently 
seen  them  moving  freely  about  the  jar,  without  any  apparent  cause,  until  the  mystery 
was  solved  by  finding  that  some  unfortunate  snail  carried  the  forest  on  his  back. 

The  oldest  filaments  are  perfectly  opaque,  showing,  under  the  microscope,  by 
transmitted  light,  no  trace  of  their  structure. 

24      Aueuat,  187S. 
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The  species  is  exceedingly  common  in  the  later  summer  and  early  fall  months 
in  the  ditches  and  sluggish  streams  around  the  city,  especially  in  the  Neck. 

Family  CONFERVACE^. 

Fila  articulata  aut  simplicia  aut  ramosa,  vegetatione  terniinali  noii  limitata  iostrncta.  Artieali 
plerumque  pins  minaave  elongafci,  sed  nonnunquam  diametro  breviores,  cjiindrici,  ravius  tumidi. 
Cjtioderma  plerumque  manifesto  lamellosum.  Massa  cblorophyllosa  granulata,  vcsieulas  ainjlai^eas 
involvens,  parietalis  vei  in  astate  provecta  saspe  in  cellulai  ccDtro  contraeta. 

Vegetatio  fit  ntriculi  primordialis  divisione  semper  in  unam  eaDdcmquc  (trans versam)  directioDcm 
repetitia.     Propagatio  fit  zoogonidiie. 

Filaments  articulate,  simple  or  branched,  growtb  terminal,  unlimited.  Joints  mostly  more  or  less 
elongated,  but  sometimes  shorter  than  long,  cylindrical  rarely  tumid.  Cjtioderm  mostly  plainly 
lamellate,  cbiorophyl  masses  granular,  surrounding  fine  starch  granules,  parietal  or  often  in  the  centre 
of  tbe  cell. 

Growth  taking  place  by  division  of  the  primordial  utricle  always  in  one  direction,  namely  trans- 
versely.    Propagation  by  meana  of  zoospores. 

Genus  CONFEEVA,  (Linn.)  Link. 

"Fila  articulata  simplicia.  ArticuH  cylindrici.  Massa  chlorophyllosa  bomogenea  vel  granu- 
lata, vesicnlas  amylaceas  involvens.     Propogatio  ignota,"  (R.) 

Threads  articulate  simple.  Articles  cylindrical.  Cbiorophyl  mass  homogeneous  or  granulate, 
including  amylaceous  vesicles. 

Remarks. — A  large  number  of  forms  of  the  genus  Conferva  have  been  described 
as  distinct  species  by  Kiitzing  and  other  authors.  The  characters  assigned  to 
these  species,  however,  do  not  seem  to  me  in  any  way  distinctive.  I  cannot  believe 
it  possible  at  present  to  recognize,  define,  and  describe  species  in  this  genus,  and 
believe  that  further  studies  must  be  made  in  their  life-history,  and  other  characters 
discovered  before  the  different  forms  can  be  separated.  Probably,  as  was  the  case 
with  the  (Edogoniaceoe,  when  their  sexual  life  is  made  out,  in  it  will  be  found  the 
vital  differences.  No  doubt  there  are  many  species  common  to  Europe  and  Ame- 
rica, but  I  have  been  entirely  unable  to  determine  them.  Among  the  very  earliest 
of  my  observations  upon  the  fresh-water  alga;,  before  experience  had  taught  how 
and  what  to  observe,  was  one  made  upon  what  I  suppose  was  a  species  of  this 
genus.  I  have  never  met  with  the  plant  since,  but  as  the  observation  has  direct 
bearing  upon  the  method  of  propagation,  I  mention  it  here,  imperfect  as  it  un- 
fortunately is.  The  plant  was  found  growing  on  the  mud  along  the  Schuylkill 
River,  near  Gray's  Ferry  Bridge,  below  the  city.  The  filaments  were  simple,  of 
great  length,  and  uniform  in  diameter;  fig.  7  a,  pi.  18,  represents  a  portion  of 
one  magnified  500  diameters.  The  cells  varied  from  about  as  long  as  broad  to 
three  times  as  long.  The  amount  of  endochrome  in  the  cells  also  varied  very  much. 
In  most  of  them,  it  was  not  nearly  sufficient  to  fill  the  cavity,  and  was  arranged  as 
a  central  superficial  band.  Many  of  the  cells  were  seen  engaged  in  the  production 
of  zoospores.  (Fig.  7  h,  pi.  18.)  Such  were  well  filled  with  endochrome,  which 
gradually  condensed  itself  into  a  globular  or  pyriform  mass  in  the  centre  of  the 
cell.  This,  after  a  sho^t  time,  began  to  exhibit  activity,  rolling  upon  itself  and 
finally  pushing  about  as  much  as  its  confined  quarters  would  allow,  until  at  last  it 
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escaped  into  the  water,  through  the  cell  wall.  Each  cell  in  this  way  gave  origin 
to  a  single  zoospore.  The  walls  did  not  melt  away  in  the  water,  and,  as  a  number 
of  consecutive  cells  underwent  these  changes  at  the  same  time,  the  filament  or  a 
portion  of  it  was  left  as  an  empty  shell.  The  zoospores  were  of  the  usual  shape, 
with  a  bright  anterior  spot  or  beak.  The  number  of  cilia  was  not  noted.  After 
a  time  they  settled  down  generally  in  clusters,  attaching  themselves  to  some  foreign 
particle,  dropping  their  cilia  and  acquiring  a  cellulose  wall.  (Fig.  7  e,  pi.  18.)  They 
then  elongated,  underwent  the  ordinary  cell  division  in  a  transverse  direction,  and, 
by  the  repetition  of  this,  gradually  grew  into  filaments  similar  to  that  from  which 
they  sprang. 

Fig.  7  d,  pi  18,  represents  a  young  filament  just  formed  in  this  manner,  magni- 
fied 500  diameters. 

Genus  CLADOPHORA,  Ktz.  (1843.) 

Fila  cellnlarnm  serie  siniplici  formata,  varie  ramosa.  Rami  filo  centrali  similes.  Cytioderma 
plerumque  crassura,  lameilosum.     Cytioplaama  parietale. 

Filaments  composed  of  a  simple  series  of  cells  and  varionsly  branched.  Cytioderm  mostly  thick 
and  lamellate.     Cytioplasm  parietal. 

liemarlcs. — The  Cladophora  are  branched  plants  of  rather  rigid  habits,  which 
grow  both  in  salt  and  fresh  water.  They  are  readily  recognizable  by  their 
comparatively  still  appearance,  the  absence  of  gelatinous  matter  about  them,  and 
by  the  want  of  regularity  in  their  branching.  A  large  number  of  species  have 
been  described,  most  of  which  are  marine.  They  are  exceedingly  difiicuU  to  define, 
and  it  is  very  possible  that  their  hitherto  undiscovered  sexual  reproduction  may  be 
finally  found  to  afford  the  only  true  characters.  I  have  identified  two  European 
forms  as  growing  near  this  city,  and  a  third  has  been  recognized  by  Prof.  Harvey, 
as  found  in  our  northern  States. 

I  have  never  seen  the  production  of  zoospores  in  this  family,  but  tliey  are  said 
to  be  formed  by  the  simultaneous  division  of  the  layer  of  clilorophyllous  proto- 
plasm, which  fills  the  outer  part  of  the  cell  cavity.  They  exhibit  the  power  of 
very  active  motion  even  before  their  exit  from  the  cell,  which  occurs  through  a 
papilloid  orifice,  mostly  at  the  end  of  the  cell,  sometimes  in  its  side.  Their  cilia 
are  sometimes  two,  sometimes  four  in  number,  and  their  life-history  appears  to  be 
precisely  similar  to  that  of  other  zoospores. 

CI.  glomerata,  (Linn.) 

Raniuli  fill  priraarii  in  parte  superiore  atque  ramorum  ordinis  secundi  et  tertii  plerumqae 

fasciculato-  vel  peDicilliformi-aggregati.      Cellulse  maxiniffi  vegetffi  cytioplasmate  cellularum 

parieti  retiformi-  vel  snbspiraliter  applicato.    Cellulse  fnictiferte  semper  terminales,  inferiores 

semper  steriles  videntur.  (R.) 
Sijn. — CI.  glomerata,  (KiiTziNa)  Rabenhorst,  Flora  Europ.  Algarum,  Sect.  III.  p.  33T. 
Hab. — Lake    Ontario;    Pickering.     Falls  of   Niagara;    Lakes  Erie,   Hnron,  and  Michigan ; 

Fourth  Lake,  near  Madison,  Wisconsin  ;  Bailey. 
"Filaments  tufted,  bushy,  somewhat  rigid,  much   branched,  bright  gras s- green ;   branches 

crowded,  irregular,  erectn-pateiit,  repeatedly  divided  ;  ultimate  ramuli  secund,  subfasciculate ; 

articulations  4-8  times  as  long  as  broad." 
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Remai-hs. — Prof.  Harvey  says  (Smithsonian  Contributions):  "I  have  received 
Nortli  American  specimens  from  Milton,  Saratoga  County,  N.  Y.,  and  from  Lake 
Erie;  also  from  the  Mexican  Boundary  Sui-veying  Expedition." 

CI.  fl*acta,  DiLLw. 

Clad,  prima  juventute  afflxa  sed  postea  libere  natans  et  ctespites  formans;  ramis  ramulisque 
sparsis,  divaricatis,  nonaunquani  refractis ;  ramalorum  cytioplasmate  iioii  spiraliter  ordinate ; 
cjtiodermate  sjspo  erassissimo ;  cellulia  fertilibua  haad  termiaalibas,  plernmque  in  ramulorom 
medio,  aut  eorum  basi. 

Syn.—  Gl.  fracta,  (Dillw.)     Rabbnhobst,  Flora  Europ,  Algarum,  Sect.  III.  p.  334. 

Hab. In  flumine  Schuylkill,  prope  Philadelphia;  Wood.  West  Point,  New  York;  Provi- 
dence, Rhode  Island ;  Bailey. 

In  tlie  young  state  fixed,  bnt  afterwards  floating  free  and  forming  matted  masses ;  branches  and 
branchlets  scattered,  divaricate,  somewhat  refracted  ;  cytioplnsra  of  tbe  branches  not  spirally 
arranged ;  cytiodcrm  often  very  thick ;  fertile  cells  not  terminal,  mostly  in  the  middle  of  the 
branches,  sometimes  in  their  base. 

CI.  brachystelecha,  Rabenbobst. 

C.  per  totam  vitam  innata,  obscure  viridis,  sicca  pallida,  pygmaea,  2-4,  rarias  6  linea  longa, 
ramosissima,  intricata,  plerumque  culmigcna ;  ramis  primariia  ^"' — ^n"'—  0.00295" — 0.0022" 
crassis,  ramulis  ultimis  gY" — jo'"  =  0.001  iT' — 0.00128"  crassis;  articulis  diaraetro  i-12 
plo  longioribus;  cytiodevmate  subcrasso,  hyalino,  subtiiiter  piicato-striato ;  cytioplasmate 
imprimis  ceSiuiaram  superiarnm  laxe  spiraliter  ordinato,  (R.) 

Syn. — CI.  hrachystelecha,  Eabenhoest,  Flora  Europ.  Algarum,  Sect.  III.  p.  343. 

5at,_Prope  Philadelphia ;  Wood. 

Fixed  through  the  whole  life,  obscnre  green,  pale  when  dried,  dwarfish,  2-4,  rarely  6  lines  long, 
very  much  branched,  intricate,  mostly  attached  to  culms;  primary  branches  0.00295"  — 
0.0022"  thick,  ultimate  ramnli  0.00141'' — 0.00128"  thick ;  articles  4-12  times  longer  than 
thick;  eytioderm  thickish,  hyaline,  subtilely  plicately  striate;  cytioplasm,  especially  of  the 
upper  ceils,  lasly  spirally  arranged. 

Remarlcs. — I  have  notes  of  having  identified  this  species  at  some  time,  but, 
having  kept  neither  specimens  nor  detailed  memoranda,  have  simply  copied  the 
description  of  Prof.  Rabenhorst. 

Fajoly  OEDOGONIACE^. 

Algfe  monoicEG  vel  dioicse.  Fila  articulata  aut  simplicia  aut  ramosa,  cellula  basali  obovato-clavata, 
basi  plerumque  lobato-partitia  vel  scntata  innata.  Propagatio  fit  turn  zoogonidiia  turn  oosporis 
fecundatione  sexuali  ortis.  Zoogonidia  formantur  singula  in  quavis  cellula,  forma  late  ovali  vel 
globosa,  polo  antico  achroo  corona  ciliorum  vibratoriorum  prtedita. 

Oogonia  singnla  vel  plura  (2-5)  continua,  pins  minusve  tumida,  in  quoque  oospora  singnla, 
matura  rubro-  aut  flavo-fusco-coiorata,  ante  germinationem  in  zoosporas  plerumque  quatuor  dilabena 
se  format. 

Antheridia  brevi-filiformia,  1-2-3-1 0-articulata,  plemmque  singula  aut  oogonio  aut  filo  vegeto  in- 
sidentia  aut  in  individuis  variis  ssepe  cellula  obovato-clavata  subtentata. 

Monsecious  or  direcious  algse.  Filaments  articulate,  either  simple  or  branched,  fixed  by  the  basal 
cell  which  is  obovate-clavate,  mostly  with  its  base  lobately  parted  or  shield  shaped. 

Propagation  sometimes  by  zoospores,  sometimes  by  resting  spores,  the  result  of  sexual  impregna- 
tion. Zoospores  formed  spnply  in  certain  cells,  broadly  oval  or  globose,  their  anterior  end  trans- 
parent, and  furnished  with  a  crown  of  vihratiie  cilia.     Besting  spores  single  or  in  scries  of  from 
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two  to  five,  more  or  less  tumid,  single  in  each  sporangium,  at  maturity  reddish  or  yellowish  fuscous, 
before  germination  dividing  themselves  into  (mostly  four)  zoospores. 

Aatheridia  shortly  filiform,  1-2-3-10  articulate,  mostly  single,  either  upon  the  sporangium  or 
vegetation  cell. 

Memarks. — The  (EdogoniacecB  have  been  by  previous  writers  simply  divided  into 
two  genera,  CEdogonium  and  Bulhoclicete.  The  plants  represented  by  these  two 
divisions  have  certainly  many  characters  in  common,  as  in  the  production  of  their 
zoospores  and  spermatozoids  as  well  as  in  their  peculiar  method  of  cell  division. 
Yet  they  are  so  very  diverse  in  some  particulars  in  regard  to  the  latter,  as  well  as 
in  their  habit  of  growth  and  in  the  formation  of  their  sporangia,  that  it  has 
seemed  to  me  that  the  differences  between  them  were  more  than  sufficient  to  cha- 
racterize merely  genera,  and  that  to  each  of  these  gro^lps  should  be  awarded  the 
rank  of  a  sub-family. 

Again,  in  the  old  genus  of  CEdogonium,  we  have  very  distinct  groups,  separated 
by  differences  in  the  most  important  of  all  the  characteristic  portions  of  the  plant — 
the  sexual  apparatus.  These  groups  are  the  so-called  Moncecio-us,  Gynandyjnts,  and 
DicBcioua  (Edogonia;  the  monceeious  division  comprising  those  plants  in  which  one 
individual  gives  origin  both  to  the  female  and  male  germs;  the  gynandrovs,  those 
species  in  which  the  plant  that  produces  the  female  germ  gives  origin  also  to  a 
peculiar  zoospore,  the  so-called  androspore,  which,  after  a  period  of  motile  life, 
settles  down  and  develops  a  dwarf  plant,  the  andrtecium,  in  which  the  spermato- 
zoids are  developed ;  and  the  diadous  group  containing  species  in  which  the  male 
and  female  plants  are  distinct  individuals.  Dr.  Pringsheim  sXdXe^  {MorpTiologie  der 
CEdogoH.,  p.  43)  that  these  groups  pass  into  one  another,  but  in  my  opinion,  by  his 
own  showing,  they  are  sharply  distinct.  The  nearest  approach  to  such  passage  is 
between  the  first  and  second  groups,  and  consists  simply  in  the  fact  that  in  certain 
species  the  androspore  when  it  settles  down  develops  into  a  one-celled  instead  of  a 
two  or  three-celled  antheridium.  This  to  me  does  not  seem  to  indicate  a  union  of 
the  groups,  for  the  essential  difference  is  not  in  the  form  or  complexity  of  the  an- 
theridium, but  in  the  circumstance  that  in  the  one  case  the  female  filament  develops 
a  spermatozoid  capable  of  fertilizing  the  germ,  whilst  In  the  other  it  gives  rise  to 
a  body  which  docs  not  possess  that  power  at  all,  but  does  have  the  capability  of 
giving  origin  to  a  second  plant,  in  which  the  spermatozoid  is  developed.  The 
groups,  therefore,  appear  to  be  sharply  and  distinctly  definable. 

In  the  BulhockmiitB  but  a  single  genus  has  as  yet  been  discovered,  and  this  is 
distinctly  gynandrous,  but  it  seems  probable  that  hereafter  other  plants  of  this 
subfamily  will  be  found  which  are  monaecious  or  disecious,  so  that  we  will  have 
in  the  two  subfamilies  two  parallel  groups  of  genera. 

For  the  reasons  above  indicated  I  have  ventured  to  divide  the  family  into  two 
subfamilies,  the  one  comprising  three,  the  other  a  single  genus.  The  peculiarities 
of  growth,  production  of  zoospores,  and  sexual  development  will  be  found  described 
under  the  particular  subfamilies. 
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Subfamily  (EDOGONIE^. 

Filameata  stricta,  baud  ramosa,  sine  setis  veris,  scd  saipo  ajiice  setiforma,  elongata,  Lyalina. 
Filaments  simple,  not  ramose,  without  true  seta,  but  often  witli  their  apex  seta-Hke,  elongate, 
hyaline. 

Remarks. — The  CEdogmiiaceai  are  small  filamentous  plants,  whose  size  is  sufficient 
to  render  them  visible  to  the  unaided  eye,  and  yet  not  sufficient  to  make  each  indi- 
vidual distinctly  apparent.  They  grow  mostly  in  quiet  water,  attached  to  almost 
any  and  every  thing  that  can  afford  a  foothold,  fringing  with  apparent  indifference 
stones,  twigs,  sticks,  dead  leaves,  bits  of  glass,  boards,  etc.  I  have  seen  such 
masses  of  them  crowding  the  whole  surface  of  a  physa  as  to  entirely  conceal  the 
animal  and  its  shell,  and  present  the  curious  spectacle  of  a  perambulating,  waving 
forest  of  bright  green.  The  individual  filament  is  composed  of  cylindrical  cells, 
which  are  always  without  a  nucleus,  and  have  their  chlorophyl  diffused  instead  of 
being  collected  into  bands  or  stripes.  The  walls  are  mostly  quite  thick  and 
marked  near  the  distal  end  with  circular  strice,  whose  numbers  bear  relation  to 
the  edge  of  the  cell,  for  these  strise  are  the  results  of  the  peculiar  method  oi  cell 
multiplication  by  division,  each  one  marking  one  such  division.  When  an  oedo- 
gonium  cell  has  attained  sufficient  maturity  and  is  about  to  divide,  the  first  per- 
ceptible change  is  the  appearance  of  a  little  circular  line  or  streak  near  its  distal 
end.  About  the  same  time  and  in  the  same  place  a  fine  partition  is  formed  by  an 
outgrowth  from  the  primordial  utricle,  a  probably  double  delicate  wall  of  con- 
densed protoplasm  separating  the  upper  end  of  the  parent  cell  from  the  lower  or 
main  portion.  The  upper  end  now  begins  to  develop  into  a  new  cell.  This  de- 
velopment takes  place  by  the  formation  of  an  entirely  new  layer  of  cellulose 
inside  the  little  cell,  i.  e.  between  the  new  primordial  utricle  and  the  old  cell  wall, 
and  afterwards  by  the  lengthening  of  this  layer  by  interstitial  deposit  in  the  usual 
way ;  the  thick  wall  of  the  parent  cell  in  no  way  directly  participates  in  the 
growth  (fig,  2  h,  pi.  17).  It  is  evident  that  as  the  new  wall  grows  the  old  cell 
wall  must  be  as  it  were  raised  up  upon  it,  borne  away  as  a  little  capping  from  the 
basal  portion  of  the  parent  cell.  Consequently  when  a  yoimg  cell  is  watched 
during  this  process  the  little  line-like  incisure  of  the  parent  cell  is  seen  to  widen 
until  it  becomes  an  evident  trench,  and  this  trench  grows  wider  and  wider,  until 
at  last  it  is  so  broad  as  to  be  no  longer  a  trench,  and  the  little  end  of  the  parent 
cell  simply  caps  its  offspring.  When  the  latter  has  fulfilled  its  allotted  period  oi 
growth,  the  process  is  repeated,  the  line  of  separation  appearing  this  time  just 
below  the  edge  of  the  first  cap.  It  is  plain  that  the  second  new  cell  when  formed 
must  have  a  double  cap  crowning  its  extremity.  At  each  repetition  a  new  layer 
is  added  to  the  thickening  cap,  until  at  last  it  may  be  composed  of  six  distinct 
layers,  each  projecting  just  beyond  the  next  older  one.  Under  the  microscope  the 
increased  thickening  of  the  distal  end  of  a  cell  bearing  such  a  crown-piece  is  not 
sufficiently  evident  to  at  first  attract  attention,  whilst  each  edge  of  a  layer  appears 
as  a  stria.    It  is  plain  that  the  number  of  these  strise  represents  the  number  of 
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times  division  has  occurred;  if  there  be  four  strise,  four  times;  six  strite,  six 
times,  &c. 

Uesides  this  method  of  development,  in  many  species  new  cells  are  formed  by  a 
sort  of  puUulation,  occuring  in  the  end  cell  of  the  filament.  The  primordial 
utricle  appears  to  rupture  the  wall  of  the  distal  extremity  of  the  latter  and  grow 
out  into  a  little  pullulation,  or  teat,  which  very  soon  becomes  separated  from  the 
parent  cell,  by  the  reformation,  as  it  were,  of  the  end  wall  of  the  latter.  The 
new  little  cell  thus  formed  coats  itself  with  cellulose,  and  rapidly  grows,  especially 
in  length,  always,  however,  or  at  least  for  a  length  of  time,  remaining  of  a  smaller 
diameter  than  the  cell  from  which  it  sprang.  By  a  repetition  of  this  process  a 
succession  of  cells  is  formed,  each  one  of  which,  like  the  successive  joints  of  the 
field  telescope,  is  a  little  smaller  than  its  proximal  neighbor  and  contains  less 
chlorophyl,  until  finally  the  cells  are  reduced  to  exceedingly  fine,  perfectly  trans- 
parent, colorless  cylinders,  which  together  form  a  seta  or  hair. 

Reproduction  takes  place  among  the  (EdogoniacecB,  both  by  means  of  zoospores 
and  sexual  organs.  The  former  of  these  are  quite  peculiar,  and,  therefore,  require 
especial  notice. 

Only  a  single  one  is  ever  produced  in  a  cell,  and  there  is  consequently  no  divi- 
sion of  the.  chlorophyllous  protoplasm  preceding  their  formation.  The  first  change 
noticeable  is  a  sort  of  confusion  of  the  cell  contents,  the  protoplasmic  portion  of 
which  loosens  itself,  as  it  were,  from  the  walls,  and  collects  in  a  mass  at  the 
distal  end  of  the  cell.  This  mass  after  a  short  time  assumes  a  more  or  less  irregu- 
larly globose  shape,  and  simultaneously  the  parent  cell  begins  to  separate  from  its 
distal  neighbor.  This  separation  appears  to  take  place  commonly  by  a  solution 
of  an  exceedingly  fine  ring  of  the  wall  of  the  parent-cell,  just  at  the  origin  of  the 
transverse  partition  separating  the  two  cells,  and  it  is  therefore  brought  about  not 
by  a  splitting  of  the  end  partition  wall,  but  by  a  circumcision  of  the  side  walls  of 
the  cell,  and  consequently  the  cavity  of  the  latter  is  thrown  open,  the  end  wall 
remaining  with  and  closing  the  distal  cell,  whose  contents  have  not  undergone 
change.  On  the  other  hand,  observation  leads  me  to  think  that  sometimes  there  is 
a  splitting  of  the  end  wall.  According  to  my  observation,  sometimes  the  filament 
is  completely  broken  in  two,  but  very  commonly  the  two  cells  remain  attached  by  one 
corner,  opening  from  one  another  as  it  were  on  a  hinge-joint  (fig.  2/,  pi.  17). 

The  gathering  of  the  protoplasm,  already  spoken  of,  into  a  ball,  is  a  slow  process, 
and  the  escape  of  this  ball,  through  the  opening  formed  in  the  manner  described, 
takes  place  even  more  slowly.  The  motion  is  not  at  all  perceptible,  with  a  power 
of  a  thousand  or  twelve  hundred  diameters.  During  the  passage  the  ball  becomes 
more  or  less  twisted  and  deformed,  but  as  it  emerges  the  uncompressed  portion 
shortens  and  swells  out,  and  when  tlie  mass  of  protoplasm  is  at  la^t  free  in  the 
water,  it  soon  assumes  a  globular  or  regularly  ovate  shape.  The  mother-cell,  thus 
bereft  of  its  contents,  is  left  dead  and  void.  The  primordial  utricle  indeed  still  re- 
mains within,  hut  it  has  lost  all  its  wonderful  powers,  and  is  nothing  but  a  shrunken, 
twisted,  or  folded  dead  membrane.  What  is  the  cause  of  the  motion  of  the 
zoospore  within  the  cell  it  is  very  4ifficult  to  determine.  It  certainly  is  not  vibrating 
cilia.     When  the  zoospore  first  escapes,  it  is,  as  already  stated,  an  irregular  lump 
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of  strongly  chlorophyllous  protoplasm,  homogeneous  or  with  one  or  more  roundish 
masses  of  darker  green  within  it.  As  it  assumes  its  shape,  however,  a  very  dis- 
tinct transparent  spot  appears  at  its  smaller  end.  Whether  this  is  an  absolute 
vacuole  or  not,  I  have  never  been  able  to  satisfy  myself,  but  I  am  rather  inclined 
to  believe  that  it  contains  highly  refractive  transparent  protoplasm.  As  this  spot 
is  perfected  the  cilia  make  their  appearance.  Whetlier  they  are  actually  first 
formed  there,  or  whether,  as  is  more  probable,  they  are  formed  inside  the  cell,  and 
are  so  folded  against  the  general  mass  as  to  be  invisible,  I  have  never  determined. 
Dr.  Pringsheim,  however,  figures  them  within  the  cell.  I  have  seen  them  in 
their  early  development  long  before  motion  commenced  in  them,  but  they  were 
always  perfectly  formed  as  soon  as  apparent.  They  are  present  in  great  numbers, 
making  a  crown  or  ring  around  the  edge  of  the  transparent  beak-like  end.  When 
they  commence  to  vibrate,  their  action  is  at  first  very  slow,  and  the  waves  of 
motion  run  through  them  deliberately  from  one  cilinm  to  the  other,  but  soon, 
however,  the  motile  impulses  succeed  one  another  more  and  more  rapidly,  until 
the  general  mass  of  the  zoospore  begins  to  tremble,  then  to  rock,  and  finally  dart- 
ing off  the  little  body  hastens  hither  and  thither  through  the  water.  The  zoospore 
of  an  (Edogonium  is  always  readily  distinguished  from  most  other  similar  bodies  by 
its  large  size  and  peculiar  motion,  which  is  a  forward  movement  combined  with  a 
distinct  rolling  on  its  long  axis.  After  a  time  the  zoospore,  coming  in  contact 
with  some  speck  of  matter  to  which  it  can  attach  itself,  ceases  its  movements, 
the  cilia  rapidly  wither  away,  and  the  end  to  which  they  have  been  attached 
swells  out  or  elongates  into  a  broad,  or  narrow,  simple,  bifid,  or  trifid  process, 
placed  at  an  angle  to  the  main  axis  of  the  cell,  ^o  as  to  form  the  so-called  foot,the 
holdfast  that  anchors  and  fixes  the  new  plant.  Whilst  this  is  taking  place,  the 
general  form  of  the  zoospore  alters  into  that  of  a  cylinder,  a  cellulose  wall  is 
secreted  all  about  it,  and  the  first  cell  of  the  new  plant  is  complete.  As  soon  as 
this  cell  is  sufficiently  matured,  it  begins  to  undergo  division  in  the  manner  already 
described,  and  to  develop  into  the  new  filament. 

In  regard  to  the  time  when  these  zoospores  are  given  off  most  abundantly,  and 
the  circumstances  that  influence  the  process,  I  can  only  state  that  it  occurs  when 
there  is  least  tendency  to  the  production  of  resting  spores,  probably  in  youngish 
plants,  and  I  have  thought  was  favored  by  a  full  supply  of  light,  with  a  moderate 
temperature. 

Sexual  reproduction  occurs  among  the  (Edogonia(^<E  in  accordance  with  three 
distinct  types,  to  which  the  name  of  moncEcious,  diceciotts,  and  gynandrous  has 
been  severally  applied.  The  characteristic  differences  are  to  be  looked  for  in  the 
production  of  the  antheridife  or  male  plant,  the  female  germ  being  always  pre- 
pared in  essentially  the  same  way.  In  most  instances  two  cells  are  requisite  for 
the  production  of  the  latter.  At  first  there  is  nothing  by  which  cells  set  apart  for 
the  formation  of  the  female  germ  can  be  distinguished  from  ordinary  cells.  The 
proximal  one  of  the  pair  finally,  however,  undergoes  changes  similar  to  those 
seen  when  a  zoospore  is  to  be  formed,  namely,  a  sort  of  confusion  of  the  endo- 
chrome,  and  finally  a^  gathering  of  it  into  a  mass  at  the  distal  end  of  the  cell.  In- 
stead of  there  being  a  solution  of  the  side  wall  of  the  cell,  however,  the  end  wall 
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undergoes  absorption,  so  that  the  cavities  of  the  two  cells  are  more  or  less  com- 
pletely thrown  into  one.  All  or  nearly  all  of  the  contents  of  the  proximal  cell 
now  slowly  pass  into  the  distal  one,  which  thus  becomes  crowded  with  chloro- 
phyllous  protoplasm.  At  or  before  this  period,  the  distal  receiving  cell  undergoes 
a  change  in  form,  widening  out  greatly,  and  sometimes  appearing  actually  to 
shorten,  so  that  it  is  in  most  instances  resolved  into  a  more  or  less  regular  globose 
or  oval  cell.  As  the  sporangium  or  spore-case  thus  formed  perfects  itself  the  endo- 
chromes  of  the  two  cells  become  completely  fused  into  one  mass,  which  gradually 
condenses  and  assumes  a  regular  shape,  until,  in  the  form  of  the  perfected  female 
or  receptive  germ,  it  is  a  dark,  opaque  ball  more  or  less  completely  filling  the  spo- 
rangia! cell.  At  the  same  time,  in  order  to  afford  passage  for  the  male  germ,  an 
opening  is  formed  through  the  walls  of  the  sporangium.  This  happens  in  two  ways. 
The  simplest  of  these  is  by  the  formation  of  one  or  more  circular  openings  or 
pores  in  the  wall.  This  pore  is  sometimes  below,  sometimes  above  the  equatorial  line. 
Its  position,  numbers,  and  form  afford  good  specific  characters.  The  second  method 
is  by  the  development  of  a  little  trap-door  entrance  at  the  distal  end  of  the  spore- 
case.  This  method  is  unknown  in  our  American  flora,  and,  never  having  seen  it, 
I  must  refer  to  the  papers  of  Pringsheim  for  details. 

The  above-described  mode  of  origin  of  the  sporangium  is  the  common  one.  In 
0.  mirahile.  Wood,  hoavever,  but  one  cell  is  concerned.  This  cell  grows  to  an 
enormous  size,  far  beyond  that  of  its  fellows,  and  its  endochrome  collects  into  the 
upper  half  of  it,  to  be  at  last  shut  off  from  the  lower  half  of  the  cell  by  the  forma- 
tion of  a  new  cellulose  partition  or  end  wall;  or,  in  other  words,  the  parent  cell 
divides  by  a  modified  process  of  cell  division,  different  from  that  common  in  the 
family.  The  distal  daughter-cell  contains  all  the  endochrome.  After  the  changes 
are  completed,  the  appearance  istthe  same  as  ordinarily  presented,  namely,  an  empty 
cell  surmounted  by  the  sporangium.  Sometimes,  even  in  plants  in  which  the  ordi- 
nary process  occurs  elsewhere,  a  single  cell  appears  at  times  to  have  suiHcient 
vitality  to  develop  into  a  sporangium  without  aid  from  its  neighbor,  so  that  the 
latter  will  preserve  its  integrity,  and  the  resting  spore  finally  He  in  proximity  to  a 
cell  full  of  endochrome. 

In  the  montecious  CEdogoniacecE,  a  single  filament  produces  both  the  male  and 
female  germs.  Certain  cells  appear  to  be  set  apart  to  develop  into  sporangia,  whilst 
others  give  origin  to  the  spcrmatozoids.  No  such  plants  have  as  yet  been  detected 
in  North  America,  and  I,  therefore,  pass  on  without  speaking  more  in  detail. 

The  second  method  in  which  the  spcrmatozoids  are  produced  is  the  most  com- 
mon in  our  flora ;  it  is  the  so-called  gynamhouB  plan.  In  this  the  single  filament 
produces  the  female  germs  directly  and  the  male  germs  indirectly.  The  former 
arise  in  the  way  previously  described,  whilst  the  latter  arc  the  resultant  of  a 
complex  series  of  life  actions,  as  follows :  One  of  the  main  cells  of  the  originating 
filament,  differing  in  no  perceptible  way  from  its  fellows,  instead  of  like  them 
developing  new  cells,  divides  up  by  a  simple  process  of  cell  division  into  two  or 
more  cells,  each  one  of  which  contains  very  largely  of  chlorophyllous  protoplasm.  The 
protoplasm  within  each  of  these  secondary  or  daughter-cells  soon  condenses  into  an 
irregularly  ovate  or  conical  mass,  which  often,  even  within  the  cell,  may  be  seen  to 
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have  the  transparent  heak  of  the  zoospore  (pi.  18,  fig.  2d).  Inside  of  the  cell 
the  androsjjore,  as  it  is  called,  shows  no  cilia,  but  when  it  is  set  free  by  a  more  or 
less  complete  solution  of  the  cell  wall,  it  assumes  the  form  of  the  ordinary  (Edogo- 
nium  zoospore,  with  a  crown  of  cilia,  whose  vibrations  soon  cause  it  to  dart  through 
the  water.  These  androspores  are  of  course  much  smaller  than  an  ordinary 
zoospore,  and  after  a  period  of  active  motion,  they  attach  themselves  to  the  pai-ent 
iilament,  generally  either  on  or  near  the  sporangial  cell.  Their  first  life-actions, 
after  settling,  are  precisely  like  those  of  the  zoospore,  namely,  dropping  of  the 
cilia,  enlargement  of  the  smaller  end  into  the  so-called  "  foot,"  an  elongation  of 
the  general  mass,  and  the  secretion  of  an  outer  coating  of  cellulose.  In  this  way 
a  peculiar-shaped,  somewhat  ovate  cell  is  formed,  which  contains  a  great  quantity 
of  rich  protoplasm  with  mostly  a  small  amount  of  chlorophyl.  From  such  cells  are 
developed  the  mostly  two-  or  three-celled,  perfect  antheridia,  which  in  gynandroua 
(Edogonia  are  generally  to  be  seen,  during  the  period  of  fructification,  in  numbers 
attached  to  the  filament,  mostly  in  the  neighborhood  of  the  sporangium.  Their  pro- 
toplasmic contents  are  remarkable  for  the  activity  of  their  movements,  and  I  have 
seldom  seen  more  beautiful  and  rapid  cyclosis  than  they  display — currents  setting  in 
all  directions — particles  actually  brushing  against  one  another  {pi.  17,  fig.  2/0- 
The  spermatozoids  arc  formed  in  the  distal  cell,  sometimes  one,  sometimes  more, 
in  the  species  0.  mirahile.  Wood,  (pi,  18,  fig.  2  ^,  2  t)  in  which  I  have  most 
carefully  studied  their  origin,  two  are  produced  in  the  single  cell.  This  cell  is  in 
the  commencement  of  the  process,  although  comparatively  poor  in  chlorophyl, 
crowded  with  a  rich  solid  protoplasm,  which  divides  into  two  distinct  masses,  some- 
what in  the  manner  seen  in  the  commencement  of  ordinary  cell  division.  As 
there  is  no  distinct  nucleus,  of  course  there  are  no  precedent  nuclear  changes. 
The  masses  thus  formed  gradually  assume  a  more  or  less  perfectly  globular  shape 
inside  the  cell,  although  I  have  never  been  able  to  see  that  they  there  develop  cilia, 
and  finally  are  set  free  by  the  lifting  up  of  the  end  of  the  mother-cell,  like  a  little 
trap-door.  Their  mode  of  escape  through  the  exit  thus  ofi'cred  is  similar  to  that 
of  the  ordinary  zoospore,  which  they  resemble,  except  that  they  are  much  smaller, 
are  much  less  rich  in  chlorophyl,  and  have  the  anterior  clear  space  less  defined. 
They  are  said  to  he  furnished  with  a  crown  of  cilia  similar  to  that  of  the  zoospore, 
I  myself  have  never  seen  these,  but  do  not  doubt  their  existence. 

In  the  dicecious  (Edogonia  there  are  distinct  filaments,  male  and  female,  one  of 
which  produces  the  oosporangium  with  its  contained  germ,  whilst  the  other  gives 
rise  directly  to  the  spermatozoids. 

The  resting  spore  which  develops  after  impregnation  is  variously  shaped,  but  in 
most  instances  is  round  or  oval.  It  is  often,  if  not  always,  furnished  with  two  coats, 
the  outer  of  which  is  thick,  firm,  and  frequently  provided  with  surface  appendages, 
such  as  tubercles,  ridges,  spines,  etc.  Besides  these  there  is  also,  probably,  a  very 
delicate  inner  coat.  The  spore  appears  to  be  set  free  from  its  case  by  the  decay  of  the 
latter,  there  being  never,  at  least  that  I  have  seen,  any  regular  dehiscence.  Although 
I  have  made  several  attempts,  it  has  never  been  my  good  fortune  to  observe  anything 
like  germination  of  these  resting  spores.  Prof.  Chr.Vaupell,  however,  has  published 
an  account  of  the  manner  as  observed  by  himself.     Some  water  containing  fruitful 
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(Edogonia  was  allowed  to  dry  in  a  glass,  towards  tlie  close  of  September,  and  the 
greenish  residue  was  placed  in  water  in  the  following  January.  By  March  the 
resting  spores  were  everywhere  in  active  germination.  The  first  change  was  a 
rupture  of  the  two  outer  coats  and  the  escape,  through  the  slit,  of  the  contents, 
still  surrounded  by  a  very  dehcate  hyaline  membrane.  By  this  time  the  proto- 
plasm had  divided  into  usually  four  (sometimes  only  two  or  three)  greenish  masses, 
each  of  which  was  oval  in  shape  and  had  its  own  extremely  thin,  hyaline  coat, 
and  was  therefore  a  perfect  cell.  The  old  outer  shell  of  the  spore  laid  discarded 
in  tho  water  and  soon  decayed,  and  in  a  little  while  the  hyaline  sac  surrounding 
the  four  daughter-cells  itself  disappeared,  leaving  them  exposed  and  naked.  After 
awhile  each  of  these  cells  opened  at  one  end  by  means  of  an  annular  split,  cutting 
off  the  apex  of  the  wall  and  allowing  it  to  lift  off  like  a  little  lid.  Through  the 
circular  opening  thus  made,  the  contents  now  emerged.  The  point  of  the  inner 
mass  was  colorless  and  directed  towards  the  orifice,  and  the  whole  moved  vigorously 
backwards  and  forwards  untfl  it  finally  escaped,  as  a  perfected  zoospore.  This 
little  body  simulated  very  closely  the  ordinary  zoospore,  both  in  appearance  and 
life-history,  growing,  after  a  brief  period  of  activity,  into  an  ordinary  filament,  in 
precisely  the  same  manner  as  the  zoospores. 

Genus  CEDOGONIUM. 

Antheridia,  ct  oogonidia  in  individuo  unico. 
Autheridia  and  oogonidia  in  the  same  individual. 

Remark. — No  species  of  the  genus  CEdogonium,  as  here  defined,  has  as  yet 
been  discovered  in  this  country. 

Genus  PRINGSHEIMIA. 

Dioiea.         Antheridia  et  oogonidia  in  iiidividuis  distinetis  orta. 
Dioecious      Antlieridia  and  oogonidia  arising  in  distinct  individuals, 

P.  inequalis,  Wood. 

P  dioiea;  cellula  basali  biloba;  plantis  femineis  quam  plantis  masculis  permulto  majoribus; 
oogoniis  enormiter  globosis  yel  eubovoideis,  poro  laterale  supra  medium  posito  instructis; 
oosporis  forma  eadem,  sed  paulo  niinoribus. 

Syn.—(Edogontum.  inequale,  Wood,  Proc.  Amcr,  Pbilos.  Soc-  18fi9,  p.  Ul 

Hob. — In  stagnis,  propc  Philadelphia, 

O.  dicecious,  basal  ctM  bilobate ;  female  plant  very  much  larger  than  the  male  plant ;  oospo- 
rangium irregularly  globose  or  subovoidal,  opening  by  a  lateral  pore  above  the  middle ; 
resting  spores  of  the  same  form  as  the  sporangium,  but  a  little  smaller. 

Remarks. — This  plant  seems  to  be  more  closely  allied  to  0.  gemelUparum, 
Pringsheim,  than  to  any  other  species.  It  agrees  with  it  in  the  inequality  of  the 
male  and  female  plants,  in "  the  shape  of  the  sporangium,  and  the  position  of  the 
lateral  pore.  The  diameter  of  the  female  plant  is  often  nearly  four  times  that  of 
the  male,  and  the  difference  in  length  is  much  more  apparent.  The  mother-plant  is 
composed  of  from  3-6  cells  in  the  most  distal  of  which  the  spermatozoids  are  formed. 
I  am  not  able  to  state  how  mafty  of  these  bodies  are  formed  in  a  single  cell,  having 
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only  seen  the  latter  when  more  or  less  completely  emptied,  but,  judging  from  the 
relative  sizes,  there  must  be  several.  In  a  cell  containing  a  single  spermatozoid,  that 
body  moved  about  freely,  and  at  last  escaped,  apparently  through  an  orifice  in  the 
end  wall  of  the  cell.  It  made  two  attempts  before  getting  out,  and  during  its 
passage  was  distinctly  constricted  in  the  middle.  It  resembled  in  appearance  an 
ordinary  zoospore,  but  was  of  course  much  smaller,  and  was  nearly  devoid  of  color, 
having  but  a  slight  greenish  tint.  I  found  this  species  growing  abundantly  in  the 
stagnant  ditches  of  the  Neck,  below  the  city. 

Fig.  1  a,  pi.  18,  represents  a  young  female  plant;  1  5,  a  fertile  plant  with  imma- 
ture spores.  1  c  was  taken  from  the  supposed-  male  plant  alluded  to  in  the  text. 
The  latter  figure  is  magnified  450  diameters,  the  others  250. 

Genus  ANDEOGYNIA. 

Oynandra.     Androspora  in  plantis  femineis  ortss  ;  postea  banc  affixffl  ct  in  antberidiis  se  formaat. 
Gyoandrous.      Aiidrosporea  arising  iu  the  female  plant;    after  afflsing  themselves  to  this  and 
developing  into  antberidia. 

A.  muUispora,  Wood. 

A.   oogoniis  singulis,  vel  binis  vel  ternis  continuis,  globosis  instructa;  poro  laterale  distale; 

oosporis  globosis,  oogonii  lumen  replentibns  ;  antberidiis  plerumque  pluribas,  plauta  ferainea 

insidentibus,  cellala  inferiore  multo  majoribus. 
Syn. — Oedogonium  muUispora,  Wood,  Proc.  Amer.  Pbiloa.  Soc,  1869,  p.  141. 
Hab. — In  stagnis  propo  Pbiladelphia 
Oosporangia  feicgle  or  bi    or  triscriate   globose  with  a  distal  lateral  pore  ;   oospore  globose, 

about  the   sinie  size  as  the  sporangial  cmty;  antheridla  bi-  or  tricellular,  curved,  with  the 

lower  eel!  rauth  the  hrgc^t   generally  adhering  in  eonsidcrable  numbers  to  all  parts  of  the 

female  plant 

Eemarhs. — This  species  diff'ers  from  its  nearest  European  congeners,  CEdogon. 
Eothii  and  OS.  depresaum,  very  markedly  in  the  bicellular  antheridia.  I  have  never 
seen  the  spermatozoids  actually  emerging  from  their  mother-cell,  but  have  seen  in 
the  terminal  antheridial  cell  a  pair  of  oval  bodies,  which  I  took  to  be  those  bodies. 

Pig.  3,  pi.  IT,  was  taken  from  a  filament  of  this  species  magnified  500  diameters. 
It  shows  spores  in  different  stages  of  maturity,  with  an  empty  basal  cell  in  one 
case,  and  in  the  others  without.  Also  male  plants,  one  of  them  containing  partially 
formed  spermatozoids.  The  small  arrows  indicate  the  direction  of  cyclotic 
currents. 

A.  inirabilis,  Wood. 

A.  rare  setigera;  articuiis  diametro  2-8  plo  longioribus ;  oogoniis  plenimque  singulis,  rare 
gominis,  nonnihil  ovatis,  infra  latis  sed  supra  contractis  et  medio  tnmidi.s ;  poris  lateralibus 
duobus  supra  medium  positis  ;  oosporis  aut  Jate  ovalibus  ant  subglobosis  ;  sporodermate  baud 
signato  ;  antberidiis  plerumque  bicellnlaribus,  interdum  tricellularibus,  plenimque  in  fdo 
vegetativo  infra  oogonium  aut  in  oogonio  insidentibus ;  spermatozoideis  singulis  et  geminis. 

i)iom.— Artie,  veget  t3W-tHi5"=-0004"— OOU".  Spor.  ^\y—^l%^"MM'—Qfin'. 

Syn, — (Edogonium,  mirahile,  Wood,  Proc.  Amer,  Philos.  Soc.,  1869,  p.  142. 

Sab. — In  rivnlis  qnietia,  prope  Philadelphia. 
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A.  rarely  setigerous ;  articles  2-8  times  longer  than  broad;  oosporangia  mostly  single,  rarely 
geminate,  subovate,  in  the  lower  portion  broad,  in  the  middle  swollen,  in  the  upper  part  con- 
tracted ;  the  2  lateral  pores  situatod  above  the  middle ;  .oospore  stibglobose  or  broadly 
ovate,  its  coats  without  markings;  antheridia  generally  bicellular,  sometimes  trieeJlular; 
numerous,  placed  generally  upon  the  female  filament  either  upon  or  below  the  oosporangia. 

Remarles. — This  species  was  found  growing  in  a  rather  stagnant  brook  in  the 
meadow  by  "Robinson's  Knoll,"  at  the  junction  of  the  Schuylkill  River  and  Wissa- 
hickon  Creek,  near  Philadelphia.  The  filaments,  which  vary  very  greatly  in  size, 
are  in  their  early  histor}'  attached  to  dead  leaves  and  sticks,  but  finally,  I  think, 
float  free  in  the  water.  The  larger,  fruit-bearing  filaments  are  remarkable  for  their 
crookedness.     None  of  the  threads  that  I  have  seen  ended  in  a  seta-like  portion. 

The  fruit  is  produced  in  abundance,  but  very  rarely  is  there  more  than  a  single 
spore  in  any  one  place.  The  method  of  the  formation  of  the  sporangia  differs  from 
that  of  all  the  other  CEdogonia  which  have  come  under  my  notice.  Instead  of 
two  cells  being  concerned  but  one  cell  is  employed.  The  cell  (fig.  2  a,  pi.  18)  that 
is  to  be  used  for  such  a  purpose  grows  much  beyond  the  ordinary  size,  until  it  is 
nearly  or  quite  twice  as  large  as  its  neighbors.  All  the  time  it  is  well  filled  with 
chlorophyllous  protoplasm.  This  now  contracts  and  finally  is  all  packed  into  the 
upper  half  of  the  cell.  At  or  even  before  this  time  the  lateral  openings  become  appa- 
rent. There  are  two  of  them,  situated  just  in  the  angle  where  the  cell  at  its  upper 
end  commences  to  contract  to  the  size  of  its  fellow.  At  this  time  I  think  fertiliza- 
tion takes  place,  although  I  have  never  actually  seen  the  spcrmatozoids  enter  the 
orifices.  The  cell  (fig.  2  b,  pi.  17)  now  divides  into  two  by  forming  a  wall  separa- 
ting the  lower  empty  half  from  the  upper  full  one,  which  is  to  be  the  sporangium. 
The  contents  of  the  latter  now  condense  into  a  ball,  and  it  itself  becomes  more  tumid 
in  the  middle.  Finally  a  reddish-brown  broadly  globular  spore  (fig.  2  c,  pi.  18) 
is  formed.  I  have  not  been  able  to  make  out  more  than  one  distinct  thick  coat. 
The  surface  of  the  spore  is  smooth.  The  audrospores  are  formed  in  a  cell  (fig. 
2(f,  pi.  18)  which  has  grown  beyond  the  normal  size  and  then  divided  into  four 
or  iive  short  cells,  each  of  which  gives  origin,  I  believe,  to  a  single  androspore 
in  its  interior.  The  antheridia  are  numerous,  from  2  to  6  being  commonly  attached 
to  the  lower  portion  of  the  sporangium,  or  to  the  cells  just  beneath  it.  They 
(fig.  2  e,  pi.  18)  have  a  rather  large  foot,  and  arc  generally  carved  at  the  base.  The 
distal  of  the  two  cells  composing  them  is  crowned  with  a  little  cap,  and  produces 
one  or  sometimes  two  spermatozoids.  These  (figs.  2  b  and  2  </,  pi.  18)  during  their 
escape  are  always  very  much  squeezed  out  of  shape,  but  when  free  become  globular 
or  slightly  pear-shaped.  They  are  highly  transparent  and  contain  a  few  green 
granules.  Their  motion  is  at  first  slow,  but  soon  becomes  very  active.  The  mode 
of  egress  from  the  cell  is  obtained  by  the  cutting  off  of  the  upper  end  of  it,  the 
little  cap  opening  like  a  trap-door.  After  this  cell  has  been  emptied,  sometimes  a 
second  similar  one  is  formed;  which  bears  it  aloft.  I  have  never  seen  spermato- 
zoids produced  by  this  second  cell. 

A.  Hunlii,  Wood, 

Filuma  plernmque  in  setam  longam,  lerminalem  coloris  expertam  productuni";  oogoniis  plcr- 
umque  singulis,  globosis,  inlcrdOm  nonniliii  bexagoniis,  medio  nonnihil  tumidis,  poro  laterals 
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infra  medium  posito  ;    oosporis  globosis,  oogonii  lumen  liaud  rpplentllms,  supcrficie  lineis 
elfvatia  spiralibus  qaatuor  instrueta  ;   aiitberidiis  liicolliilaribus  (hiturdum  tncoilularibus  ?), 

Si/n. — QSdogonium  Huntii,  Wood,  American  Naturalist,  1868. 

Hah. — In  aquario  meo. 

Filaments  mostly  produced  into  a  long  apical  seta;  oogonia  mostly  single,  globose,  sometimes 
somewhat  hexagonal,  somewhat  tumid  in  the  middle,  the  lateral  pore  placed  below  the 
middle ;  oospore  globose,  not  filling  the  cavity  of  tho  spore  case,  its  surface  with  four  spiral 
elevated  lines  or  ridges  ;  antheridia  bicellular  (sometimes  triccllular  'i). 

Remarh8.—ll\m  little  plant  appeared  in  my  aquarium  some  years  since,  forming 
a  delicate  fringe  upon  the  various  aquatic  plants  growing  therein.  Its  color  is  a 
bright  yellowish  green,  deepening  to  a  very  dark  green  in  cells  which  are  crowded 
with  granular  protoplasm.  The  filaments  vary  very  greatly  in  size,  the  largest  I 
have  seen  were  ^  J^  of  an  inch  in  diameter.  They  are  provided  with  long,  termi- 
nal seta,  which  are  much  more  universally  present  than  in  any  of  the  other  species 
I  have  met  with.  The  first  step  in  the  formation  of  a  spore  is  the  emptying  of  a 
cell  into  its  distal  neighbor,  so  that  each  spore  case  is  placed  at  the  end  of  an  empty 
cell.  These  sporangia  may  be  single  or  they  may  be  in  series  of  two  or  more, 
separated  only  from  one  another  by  the  eruptive  cells  just  spoken  of.  The  color 
of  the  mature  spore  is  a  very  dark  reddish-brown.  The  antheridia  is  bicellular, 
slightly  curved,  somewhat  stipate,  with  a  distinct  foot.  Its  most  common  position 
is  on  the  vacated  cell  just  below  the  spore  case.  The  zoospores,  as  I  have  seen 
them,  are  always  globose. 

I  have  named  this  species  after  my  friend,  Dr.  J.  Gibbons  Hunt,  a  well-known 
microscopist  of  this  city,  to  whom  I  am  greatly  indebted  for  aid  in  my  earlier 
microscopic  studies. 

Fig.  2,  pi.  1 7,  represents  different  forms  and  parts  of  this  plant.  2  a  shows 
the  end  of  a  filament  and  the  long  seta-like  lip.  2  i  was  taken  from  two  cells, 
one  of  which  had  just  undergone  division,  and  shows  very  plainly  the  method  of 
procedure;  lying  as  it  were  between  the  cells,  and  bearing  the  end  of  the  lower 
one  upon  it,  is  the  new  little  cell.  Fig.  2  c  represents  a  fertile  filament  with  two 
mature  spores  and  one  not  fully  grown.  Fig.  2  d  was  drawn  from  a  filament  just 
forming  a  spore,  and  shows  the  male  plant  in  situ.  Fig.  2  e  represents  a  male 
plant  (magnified  some  1300  diameters)  with  the  outer  terminal  cell  scarcely  more 
than  a  primordial  utricle.  The  contents  of  the  lower  cell  were  in  a  state  of  in- 
tense motion ;  and  the  arrows  are  meant  to  indicate  the  directions  of  the  cun-ents. 
Fig.  2/  represents  a  portion  of  a  filament  with  a  zoospore  just  escaped  and  still 
quiescent. 

A.  echinata,  Wood  (sp.  nov,) 

A.  valde  elongata;  articnlis  diametro  6-14  plo  longioribus;  oogoniis  globosis,  plemm^jue  do- 

prcssis,  ad  ,0014"  crassis ;  oosporis  oogonii  forma  et  ejus  lumen  replentibus,  valde  aculcatis ; 

poro  latcrale  supra  medium  posito ;  antberidiis  bicellularibus  ? 
ZHam.-Spor.  r^'iW=.m".     Cell.  ^cW"~3irW  =  -O0«33"-.0O05". 
Hah. — In  stagnis,  Alleghany  Mountains. 
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0.  gynandrous,  very  elongate  ;  joiDts  6-14  times  longer  than  broad  ;  sporangia  globose,  mostly 
depressed,  about  .0014"  in  diameter;  oospores  of  the  same  form  as  sporangia,  whose  cavity 
they  almost  fill;  covered  with  sharp  spines;  the  lateral  pore  placed  above  the  middle;  an- 
theridia  biceilular  ? 

Heniarks. — I  found  this  distinct  species  in  a  little  stagnant  pool  in  the 
wilderness,  known  as  Bear  Meadows,  in  Centre  "County,  of  this  State,  The  fila- 
ments are  very  long,  and  were  matted  together  into  a  sort  of  fibrous  mass.  The 
male  plants  were  few  in  number,  and  were  attached  to  the  female  plant  in  the 
neighborhood  of  the  sporangia.  I  have  not  seen  any  composed  of  more  than  two 
cells.  They  are  furnished  with  a  well-marked  foot,  above  which  there  is  a  short 
neck.     As  I  have  seen  them  they  are  nearly  straight. 

I  have  not  been  able  to  make  out  more  than  one  coat  to  the  spores.  This  coat 
is  very  thick,  and  is  furnished  with  numerous  thorn-like  spines.  These  are  very 
sharp  at  the  points,  but  at  their  bases  are  mostly  very  robust. 

Fig,  3,  pi.  18,  represents  a  spore  of  this  plant  magnified  750  diameters. 

Subfamily  BULBOCII^^TEiE. 

Filuma  ramosum,  setis  strictis  hyalinia  achrois  e  basi  bulbosa  et  plus  minus  elongatis  instructum. 
Filaments  branching,  furnished  with  straight,  hjalino,  more  or  less  elongated  seta,  arising  from  a, 
bulbous  base, 

Remarhs. — The  BuTbocJustefs  are  at  once  separated  from  their  allies  the  CEdogo- 
mem  by  their  bushy,  branched  habit  of  growth.  The  shape  of  the  individual 
cell  is  also  entirely  different,  for  instead  of  being  regularly  cylindrical  they  are 
almost  always  markedly  dilated  at  their  distal  end,  so  as  to  be  somewhat  clavate, 
nor  is  the  filament  or  its  branches  ever  ended  by  a  long  seta-like  series  of  narrow 
colorless  cells.  Many  or  all  of  the  cells  are,  however,  furnished  with  a  single 
very  long  unicellular  unbranchcd  hair.  These  hairs  are  colorless,  hyaline,  and 
provided  with  a  markedly  and  abruptly  bulbous  base.  The  Bulboclitefece  grow  in 
similar  positions  to  their  allies,  but  are  not  nearly  so  common,  nor  when  present 
do  they  grow  in  such  abundance,  very  rarely,  if  ever,  forming  the  dense  forest-like 
fringes  or  the  matted  masses  that  some  species  of  the  (liklogoniete  do.  They  are 
reproduced  both  by  zoospores  and  resting  spores. 

The  maimer  of  the  development  of  and  growth  of  the  plant  from  the  zoospore 
is  veiy  peculiar.  I  have  never  myself  studied  it,  hut  Prof.  Pringsheim  gives  the 
following  account:  When  the  zoospore  first  settles  down  it  produces  a  cell  closely 
resembling  that  of  an  (Edogonium,  The  first  change  which  occurs  in  this  cell  is 
the  formation  of  a  small,  conical,  transparent,  colorless  space  at  the  apex,  which 
space  in  a  little  while  becomes  separated  from  the  mother-cell  by  a  distinct  par- 
tition-wall, and  at  the  same  time  the  apex  itself  is  ruptured,  and  the  point  of  the 
little  growing  cone  pushed  through  the  opening.  This  rupture  does  not  take 
place  irregularly,  but  by  a  sort  of  circumscribed  dertiscence,  similar  to  that  of  the 
(Edogonium,  the  top  of  the  mother-cell  being  lifted  up  like  a  little  trap-door,  and 
finally  pushed  aside  as  the  new  conical  cell  grows  elongate  and  becomes  converted 
into  a  hair.  After  the  formation  of  this  apical  hair,  the  mother-cell  undergoes 
division  ia  a  manner  similar  to' that  of  an  (Edogonium.     Near  its  distal  end  a 
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circular  slit  appears,  and  at  the  same  time  a  partition  forms,  so  that  from  the 
mother-cell  are  developed  a  small  apical  and  a  large  basal  daughter-cell.  The  his- 
tory of  the  former  of  these  is  simply  one  of  growth  as  regards  the  main  axis.  It 
increases  in  size  but  does  not  give  origin  to  nevi'  cells.  All  such  cells  are  formed 
out  of  the  basal  daughter-cell,  which,  as  already  described,  divides  into  a  new 
apical  and  basal  cell — the  apicalonly  to  grow  in  the  main  filament — the  basal  to 
divide  anew.  It  is  always  the  basal  cell  that  undergoes  division,  throughout  the 
whole  life-history  of  the  plant,  one  cell  alone  contributing  to  the  growth  of  the 
main  filament.  The  filament  thus  formed  bears  upon  its  distal  end  the  hair  which 
grew  upon  the  original  spore-cell,  and  this  hair  is,  save  only  the  basal  cell,  the 
oldest  part  of  the  filament.  The  cell  upon  which  it  rests  is  the  next  oldest,  the 
next  to  it  in  position,  the  next  in  age,  and  so  on  (from  older  to  younger)  down  to 
the  basal  cell,  the  oldest  of  all,  lying  next  to  the  latest  bom. 

Although  the  cells  of  the  main  filaments  do  not  contribute  to  its  development, 
yet  it  is  from  them  that  the  lateral  branches  are  formed.  The  production  of  a 
branch  begins  by  the  appearance  of  a  clear  space  near  the  apex  of  the  cell,  but  this 
clear  space  is  placed,  not  exactly  at  the  apex,  but  a  little  to  one  side.  It  soon  becomes 
distinctly  conical,  enlarges,  bursts  through  the  old  cell-wall,  is  cut  off  by  a  cellulose 
partition  from  its  parent,  and  develops  into  a  hair  similar  to  that  first  formed,  but 
placed  at  an  angle  to  the  long  axis.  It  is  remarkable  that  the  opening  for  the 
exit  of  the  growing  hair  occurs,  not  by  a  circular  transverse  slit,  but  by  a  longi- 
tudinal one,  the  two  halves  of  the  old  cell-walls  separating  as  the  little  cone  pushes 
its  way  between  them  and  persisting  as  a  sort  of  sheath  to  its  base.  When  the 
hair  is  perfected  the  cell  from  which  it  grew  undergoes  division  in  the  usual  way, 
save  only  that  the  cutting  off  of  the  old  wall  is  done  obliquely  instead  of  trans- 
versely, so  that  the  partition  is  oblique  instead  of  horizontal,  and  the  new  cell 
grows  at  an  angle  to  the  old,  instead  of  in  the  line  of  its  axis.  The  new  cell, 
consequently,  is  the  starting  point  to  a  branch  at  an  angle  to  the  main  filament. 
This  branch,  lUie  the  main  filament,  grows  only  by  the  repeated  divisions  of  its 
primal  basal  cell,  and  bears  aloft  its  seta.  Secondary  branches  may  arise  from  it 
precisely  in  the  way  that  it  arose  from  the  parent  stem,  and  thus  at  last  is  formed 
the  bushy  plant  of  the  Bulhochmtem. 

The  zoospores  closely  resemble  those  of  the  CEdogouiets,  and  are  ov:d  or  glo- 
bose masses  of  chlorophyllous  protoplasm,  with  a  transparent  space  at  the  smaller 
end,  surmounted  by  a  crown  of  cilia.  Their  mode  of  formation  and  whole  life- 
history  are  also  similar  to  that  of  the  (Edogoniem  2oospores,  up  to  the  time  when 
in  their  germination  they  begin  to  produce  new  cells. 

Sexual  reproduction  amongst  all  the  known  BulhoclicBtete  is  similar  in  its  general 
aspect  to  that  seen  among  the  gynandrous  CEdogoniea,  but  differs  considerably  in 
detail  The  oogcmia  are  mostly  formed  in  lateral  branches.  Their  position  in  these 
branches  varies  in  the  various  species. 

Since  any"  cell  from  the  next  to  basal  to  the  most  distal  of  all  crowned  with  the 
terminal  seta  may  be  converted  into  a  oogonium,  according  to  Pringshcim,  the 
cell  which  is  to  form'  the  oogonium  arises  in  the  usual  way,  by  the  division  of  a 
cell  into  two  daughter-cells.     The  new  daughter-cell,  which  is  to  develop  into  the 
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sexual  part,  does  not,  however,  rupture  the  old  wall  of  the  mother-cell,  but  grows 
out  beyoud  it,  and  there  dilates.  The  new  cell  is  therefore  divisible  into  two  parts, 
a  proximal  cylindrical  portion,  contained  within  the  wails  of  the  mother-cell,  and 
a  distal  more  or  less  globular  piece  beyond  the  latter.  The  chlorophyllous  proto- 
plasm now  collects  in  this  dilated  portion,  leaving  the  basal  cylindrical  part  bare  and 
empty.  The  oogonium  is  not,  however,  formed  directly  from  this  upper  portion 
(the  primitive  oogonium,  as  it  may  be  called),  but  a  new  wall  forms  within  the  latter 
and  then  it  undergoes  division  much  as  did  the  primary  cell.  In  this  way  it  is  that 
the  upper  and  lower  portions  of  the  old  wall,  i.  e.  that  of  the  primitive  oogonium, 
remain  as  a  sort  of  basal  sheath  and  cap  to  the  fully-formed  sporangium.  The 
little  hole  by  which  the  spermatozoids  find  entrance  to  the  contents,  of  the  oogo- 
nium is  always  formed  in  the  upper  half  of  the  wall  of  the  latter. 

As  stated,  all  the  species  of  Bulboclicetew  as  yet  known  are  gj'nandrous.  The 
antheridia  resemble  those  of  similar  (Edogoniem,  and  their  life-history  is  very  similar. 
The  development  of  the  resting  spores  is  said  to  take  place  as  follows :  The  first 
change  is  in  the  color  of  the  spore,  the  bright  red  becoming  green,  especially  near 
the  margins  of  the  cavity.  The  outer  wall  is  then  ruptured  and  the  spore  grows 
into  a  long  oval  body,  whose  contents  aro  chiefly  green  with  a  sprinkling  of  the 
original  red.  The  protoplasm  of  this  oval  body  gradually  divides  into  four  masses, 
which  become  more  and  more  distinct,  until  they  are  at  last  well  formed  zoospores, 
similar  to  those  produced  in  tlie  more  ordinary  method,  except,  perhaps,  that  they 
are  redder.  They  are  finally  set  free  in  the  water  by  a  solution  of  the  cell  wall 
surrounding  them,  and  enter  upon  a  brief  free  existence,  to  settle  down  after  a 
little  and  grow  into  a  fully-formed  plant. 

Genus  BULBOCHiETE. 

Andropporfe  in  planta  fcmincd  ortie,  postea  Uanu  afExfe  et  in  anthendiis  se  formantes. 
Androspore  arising  in  the  fomale  plant,  aftDrwarda  affixed  to  it  and  developing  into  the  antheridia. 
B.  i^nota.  Wood. 

B.  sparse  ramosa,  elongata;  artieulia  diametro  max.  (rwSTi"  —  -00011")  1^-3  plo  longioribus; 
oogoniia  long,  jj^"  =  .0025",  lat.  gj^u"  =  .0018",  iuterdum  lateralibus  et  sessilibus,  intcr- 
dum  inter  ramulorum  cellnlas  vegetotivas  positis,  dissepimento  nullo ;  oosporis  ovaliijus,  longi- 
tadinaliter  nonnibil  oblique  ot  distante  costatia,  in  letate  provecta  aurantiaco-brunncis,  sporo- 
dermate  crasso ;  anthendiis  3-4  cellularibns,  stipitatis. 

Syn. — B.  ignota.  Wood,  rrodromus,  Proc.  Amer.  Philos.  Soc.,  1869. 

Hab. — In  aquis  qnietis,  prope  Philadelphia. 

B.  sparsely  branched,  elongate  with  the  joints  1^3  times  longer  than  broad  (t^W  =  .00011") ; 
oosporangia  .0025"  long  by  .0018"  broad,  sometimes  lateral  and  sessile,  sometimes  placed 
upon  the  apex  of  a  branch,  sometimes  situated  in  the  length  of  the  branches  between  their 
cells;  the  empty  cell  which  supports  the  sporangium  without  dissepiment;  oospores,  oval, 
filling  rather  closely  the  cavity  of  the  spore-ease,  longitudinally  somewhat  obliquely  and  dis- 
tantly costate,  when  mature  orange  brown;  spore-coat  rather  thick;  antheridia  3-4  celled, 
scarcely  stipitate. 

Bemarks.—  When  I  described  and  figured  this  species  I  had  never  seen  the 
mature  fruit,  but  very  recently  Mr.  Quimby  has  communicated  specimens  to  me. 

26      September,  1872. 
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The  color  of  thti  spore  is  orange  brown,  and  the  thick  coat  is  slightly  tinged  v/ith 
yellowish.  The  mature  oosporangium  is  somewhat  flattened  at  the  sides,  not  so 
elliptical  as  the  young  spore,  which  I  have  figured. 

Fig.  5  a,  pi.  18,  represents  a  fragment  of  a  filament  showing  young  sporangial 
cells  magnified  260  diameters ;  5  6,  represents  a  branch  with  a  youngish  spore  in  it, 
magnified  460  diameters;  fig.  5  c,  was  taken  from  a  inale  plant. 

B.  dumosa,  Wood. 

B.  artieulis  diaraotro  1^-2  jilo  longiorilius;  oogoniis  pleniiiKine  in  ratnorura  brcTisBiiiiorum 
apicibua  positis  eed  interdum  lateralibus,  plerumque  setam  terminalem  gereutibus;  oosporis 
eDormiter  ovalibus  aut  ovatia,  nounihil  indistincte  longitudinal  iter  oblique  subarcte-  striatis ; 
antbei'idiis  bicellnlaribus,  stipite  instructis,  celluia  basale  medio  tumida,  supra  stepe  eontracta. 

Syn.—B.  dumosa,  Wood,  Prodrorans,  Proc.  Amer.  Philos.  Soc,  18G9,  p.  142. 

Hab. — In  aqiiario  meo. 

Joints  1^2  times  longer  tban  broad;  oosporangia  generally  placed  upon  the  ends  of  short 
brauches  bat  sometimes  lateral,  mostly  carrying  a  terminal  seta;  resting  spores  irregularly 
oval  or  ovate,  somewhat  indistinctly  obliquely  longitudinally  and  rather  closely  striate;  an- 
theridia  bicellular,  furnished  with  alittle  stipe,  their  basal  celt  tumid  in  the  middle, freiiueiitly 
coil trac ted  above. 

B.emarhs. — This  species  appeared  spontaneously  during  the  latter  part  of  the 
winter  upon  some  large  fresh-water  algse  which  I  was  cultivating.  It  branches 
in^egularly  and  sometimes  somewhat  profusely,  so  as  to  have  quite  a  bushy  habit. 
The  antheridia  appear  to  produce  a  single  spermatozoon  in  the  terminal  cell ;  at 
least  as  far  as  my  observation  has  gone  this  is  true.  I  think  I  have  always  found 
the  distal  cells  of  fertile  plants  emptied  of  tlieir  contents,  as  though  they  had  fur- 
nished the  androspores  which  had  grown  into  the  antheridia.  This  species  is 
closely  allied  to  B.  gracilis,  of  Pringsheim,  from  which  it  differs  in  the  position  of 
the  oogonia,  ia  the  relative  breadth  and  length  of  the  cell,  and  the  number  of  cells 
composing  the  antheridia. 

Fig.  6  a,  pi.  18,  represents  a  filament  of  this  species  magnified  260  diameters; 
6  &,  a  male  plant  magnified  750  diameters. 

B.  Canbyii,  Wood. 

B.  permagaa  ad  .035"  longa,  sparse  ramosa;  articnlis  sterilibns  diametro  2-8  plo  longioribua: 
oogoniis  lateralibus  vel  in  ramulorum  apieem  positis,  transverse  enormiter  ovalibus;  oosporis, 
transverse  enormiter  ovalibus,  plerumque  nonnihil  triangnlaribus,  oogonii  lumen  roplentibus; 
sporodermate  crasso,  baud  costato,  enormiter  pun ctato  ;  antheridiis  bicellularibiis. 

7)iam.— Cell,  stcril.  ^/ffg."— g/jj,"  =  . 00066— 001.     Spor.  transv.  tU/=.0O226. 

S\)n.—B.  Canbyii,  Wood,  Proc  Amer.  Philos.  Society,  1869,  p.  142. 

Hab.—l'a  aquis  quietis,  prope  Hibcrnia,  Florida ;  (William  Canby). 

B.  very  large,  attaining  a  length  of  more  than  one-third  an-  inch,  sparsely  branched  ;  sterile 
joints  2 to  8  times  longer  than  broad;  oosporangia  lateral  or  placed  upon  the  ends  of  branebeH, 
irregularly  transversely  oval ;  oospores  of  a  similar  shape,  often  a  little  triangular,  filling  the 
cavity  of  the  sporangium  ;  spore  coat  thick,  not  eostate  but  irregularly  punctate. 

Remarks. — It  aff'ords  me  great  pleasure  to  dedicate  this  very  handsome  species 
to  Mr.  William  Caiil)^',  by  whom  it  was  collected  in  Florida,  as  an  acknowledg- 
ment of  favors  received,  and  as  a  testimony  of  respect  and  high  regard  for  him 
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personally,  and  as  being  among  the  foremost  students  of  American  phanerogamic 
botany. 

This  species  is  more  nearly  allied  to  S.  minor  than  to  any  other  of  the  European 
forms,  but  differs  from  it  very  essentially  in  size  and  habit.  It  is  always,  as  I  have 
seen  it,  except  in  very  young  plants,  sparsely  and  mostly  dichotomously  branched, 
and  attains  a  very  great  length,  at  times  probably  exceeding  the  third  of  an  inch. 
The  spore  is  mostly  sessile  upon  the  distal  ends  of  the  cells  of  the  filament;  in  all 
such  cases  I  have  noticed  that  the  cell  upon  which  it  was  borne  was  divided  in  its 
middle  by  a  partition  into  two  cells.  Not  unfrequently  the  spore  is  raised  upon  a 
short  branch.  The  male  plants  are  attached  to  the  female  filaments  generally  in 
the  neighborhood  of  the  sporangium,  to  which  they  scmetimes  fasten  themselves 
immediately.  They  are  shortly  stipitate,  and  composed  of  two  cells.  The  mature 
spore  is  transversely  oval,  now  and  then  slightly  triangular,  and  is  nearly  of  the 
color  of  burnt  sienna.  Its  coat  is  thicii,  often  slightly  yellowish,  and  has  on  its 
outer  surface  irregular  punctations,  looking  like  corrosions.  These  are  not  detach- 
able, except  when  the  ruptured  spore  is  more  or  less  completely  emptied  of  its 
contents.  The  sporangium  closely  invests  the  spore,  and  when  the  latter  is  matured 
undergoes  a  circular  division,  so  that  the  top  falls  off  and  allows  the  spore  to  escape. 

Fig.  6  c,  ph  16,  represents  a  portion  of  a  filament,  magnified  260  diameters, 
with  a  young  sporangium  and  young  male  plants  attached ;  6  h,  represents  a  very 
young  plant,  magnified  C60  diameters.  Fig.  6  a,  was  taken  from  a  mature  plant, 
and  shows  the  mature  spore.  Fig.  6  e,  shows  in  outline  a  sporangium  and  male 
plants  attached;  whilst  6  (7,  was  drawn  from  a  sporangium  which  had  perfected 
its  spore  and  undergone  the  natural  dehiscence. 

Family  CHROOLEPIDE^. 

Algse  aereae,  aureo-,  aurantiaco-  vel  rubro-fusco-coloratse,  siccata;  sffipe  catite.  Fila  varie  ramosa, 
cytiodermate  crasso  vfl  subcrasao,  firmo,  subcartilagineo  pradita,  in  pulpiiiulos  rainutos  yel  in  stra- 
tum tenae  aiit  lucrassato-tnmentosum  densissime  aggregata  vcl  implicata,  Cytioplasnia  oieosura  vel 
granaloanni,  aut  ruliellum,  aureum,  aut  flavo-fuecum,  iDttrdum  viride  tinetum,  post  mortem  plcrum- 
que  expallescens,     Propagatio  fit  zoogunidiis. 

jErial  alga;.  Golden  orange,  or  reddisti  fnscous,  often  grayish  when  dried.  Filaments  variously 
branched,  furnished  with  a  thick,  or  thickish,  subeartilaginous  cjtioderm,  densely  aggregated  into 
minute  cushioDS,  or  a  thin  or  tomentosely  thickened  stratum.  Cytioplasm  granular  or  containing 
oily  particles,  reddish -golden,  or  yellowish-fuscous,  sometimes  tinged  with  green;  after  death  often 
■  colorless  or  uearly  so.     Propagation  by  zoospores. 

Hemarhs. — The  plants  of  this  family  are  so  difi'erent  from  the  others  of  the 
order,  that  it  is  a  matter  of  considerable  doubt  whether  or  not  they  should  bo 
classified  with  them.  They  rarely  possess  distinct,  well-pronounced  chlorophyl, 
and  form  mats  or  strata  of  some  shade  of  reddish,  grayish,  or  brownish,  so  that 
they  are  very  different  in  appearance  from  the  other  Confervacea:. 

I  do  not  think  their  position  can  be  certainly  fixed  until  their  life-history  has 
been  more  fully  developed.  In  assigning  them  this  place  I  have  simply  followed 
Prof,  llabenhorst. 
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The  only  specimens  that  have  come  to  my  notice  are  in  a  dried  condition,  and 
consequently  no  possible  opportunity  has  been  afforded  of  studying  the  manner  of 
reproduction.  No  one  has  as  yet,  at  least  to  my  knowledge,  discovered  any  sexual 
reproduction  in  the  family,  but  the  method  in  which  the  zoospores  are  produced 
has  been  carefully  studied,  especially  by  Drs.  Caspary  {Regenshurg  Flora,  1858) 
and  Hildebrand  {BotaniscJie  Zeitung).  The  little  motile  bodies  are  not  produced 
in  the  cells  indiscriminately,  but  in  certain  ones  set  apart  for  the  purpose,  to  which 
the  name  of  zoosporangia  is  very  applicable.  These  are  large,  globular,  thick  walled 
cells,  which  are  generally  provided  with  a  protuberance  at  the  top  and  marked  by 
transverse  wrinkles.  They  are  most  frequently  situated  upon  the  end  of  the  filament 
or  one  of  its  branches,  but  are  rarely  placed  in  the  middle  of  the  thread,  and  still 
more  rarely  the  cell  next  below  the  zoosporangium  elongates  itself  sideways  and  up- 
wards into  a  thread,  so  that  the  reproductive  cell  is  left  as  a  lateral  one-celled  branch 
or  process.  When  the  zoosporangium  is  sufficiently  matured  the  endochrome 
breaks  up  into  a  number  of  minute  masses,  the  future  zoospores.  Finally  the 
crowning  papilla  of  the  mother-cell  ruptures  and  allows  the  contents  to  escape  as 
a  well-formed  vesicle,  containing  the  perfected  zoospores.  It  is  said,  however,  that 
sometimes  the  vesicle  is  wanting,  and  the  zoospores  are  discharged  into  the  water. 
In  the  ordinary  course,  after  a  little  while  the  vesicle  lying  in  the  water  bursts 
and  sets  its  motile  contents  free.  The  zoospores  themselves  are  very  small,  accord- 
ing to  Hildebrand,  ^f r~5-f u"^™-  ii^  length,  by  -g-l-j,— yf^mm.  in  breadth.  In  accord- 
ance with  the  same  authority  they  are,  when  first  discharged,  cylindrical,  but  in  a 
little  while  become  flattened,  and  shaped  like  a  flaxseed.  They  are  biciliate  and 
contain  a  large  number  of  small,  orange-colored  particles.  From  thirty-two  to 
sixty-four  of  them  are  formed  in  one  zoosporangium,  and  neither  light  nor  time  of 
day  appear  to  have  any  influence  upon  their  birth.  Hildebrand  states  that  their 
motile  life  lasts  from  eighteen  to  thirty-six  hours,  but  according  to  Caspary,  after 
continuing  in  motion  for  about  an  hour,  they  grow  sluggish,  sink,  become  globular, 
then  elongate  themselves  and  shortly  undergoing  transverse  division,  actively  com- 
mence to  form  the  new  filament. 

Genus  CHKOOLEPUS,  Ag. 

Fila  diatincte  articulata,  iiitricata,  ciiormiter  ramosa. 
Filamenta  distinctly  articulate,  intricate,  irregularly  branched. 

C.  aurenm,  (LinnI)  Ktz. 

C.  fills  ramossimig,  in  stratum  aureo-brunneum,  ad  duas  tres  lineas  crasaum,  ctespitosnni  et  molle 
intricatia  vel  in  crespitulos  aggrcgatis  ;  articulia  enormibus,  diametro  scsqui-,  duplo  triplove 
longioribus. 

Diom,— M:ax  =  .001". 

Syn. —  G.  aureum,  (Linn*.)  Ktjtzing.     Rabenhokst,  Flora  Europ.  Algarum,  Sect.  III.  p.  311. 

Bab. — Little  Falls,  New  York;  Godwinsville,  New  Jersey;   (Austin).     Texas;  (Rayenel). 

Filaments  very  much  branched,  interwoven  to  form  a  yellowish -brown  softish  mat,  two  or 
throe  lines  in  tliickness;  joints  irregular,  1^—3  times  longer  than  broad. 

Remarhs. — I  am  indebted  to  Mr.  Austin  for  specimens  which  are  labelled 
"  Forms  dense  yellow-brown  cushions  on  rocks,  at  Little  Falls,  New  York   and 
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Godwinsville,  New  Jersey."  As  dried,  the  plant  is  in  extended,  gray,  felt-like 
masses.  The  walls  of  the  articles  as  seen  with  the  microscope  are  thick  and 
irregular,  and  the  joints  themselves  are  also  very  irregular,  the  end  ones  being  often 
swollen  and  rounded  so  as  to  give  the  branches  a  sort  of  bulbous  termhiation. 

Among  the  Algte  collected  in  Texas  by  Prof.  Ravenel,  is  a  dried  specimen  fNo. 
100),  labelled  "  On  Bark,  Houston,  Texas,"  which  I  cannot  separate  from  this 
species.  It  occurs  in  small  tufts,  which,  as  dried,  are  of  a  very  decided  orange, 
and,  no  doubt,  were  still  brighter  during  life.  The  articles  are  not  so  irregular  as 
in  Mr.  Austin's  specimens,  but  excepting  in  this  and  color  when  dried  they  agree 
very  well.  Besides  these  I  have  several  specimens  from  the  same  source,  which 
are  in  extended  mats  and  agree  in  all  respects  with  their  northern  brethren. 

Our  American  form  appears  to  attain  a  greater  diameter  in  its  individual  fila- 
ments than  does  the  European  variety,  but  I  know  of  no  other  character  separating 
it  from  the  latter;  and  consequently  must  consider  them  identical.  The  measure- 
ment given  is  an  extreme  one,  .009"  being  commonly  the  limit. 

Genus  BULBOTRICHIA,  Kutz. 

Fila  iiidistinote  articulata,  adirua,  firma,  ramosa;  rami  in  apice  ititumescentes,  sporangia  eon- 
stitueotes. 

Filaments  indistinctly  articulate,  translucent,  firm,  branelied;  llie  ends  of  tlic  branches  swollen  so 
as  to  form  sporangia. 

B.  alMda,  Wood  (sp.  nov.). 

B.  strato  albido,  coriaceo  vel  crustaceo ;  fills  arete  intertextis,  enonnlter  ramossiKsimis,  coloris 

espertibus;  sporanglis  viridibus. 
Hah. — In  muscis,  Northern  New  Jersey  ;   (Austin.) 
Forming  a  white  leathery  or  crustaceous  stratum  ;  thread  closely  interwoven,  irregularly  and 

plentifully  branched,  colorless;  sporangia  greenish. 

Remarhs. — This  curious  little  plant,  which  was  sent  me  by  Prof.  Austin,  occurs  in 
minute  white  patches  growing  on  mosses  at  the  base  of  stumps  in  woods.  Some- 
times these  are  encrusted  abundantly  with  the  carbonate  of  lime,  when  they  are 
hard  and  crustaceotts.  The  sporangia  appear  to  vary  greatly  in  size ;  sometimes 
they  resemble  very  closely  a  single  spore  (probably  their  commencing  stage).  The 
bases  of  the  branches  are  rarely,  if  ever,  furnished  with  the  bulbous  swelling,  given 
by  Rabenhorst  as  a  generic  distinction,  but  such  enlargements  do  occasionally 
occur  in  the  course  of  the  filaments  and  branches.  The  iilaments  are  composed 
of  a  scries  of  cells,  which  are  in  places  long,  and  have  their  end  walls  thin  and  not 
readily  seen. 

Pig.  5,  pi.  16,  represents  a  part  of  a  plant  magnified  460  diameters. 

Family  CILETOPHORACE^. 

AlgtB  aqnaticie  vel  palustrea,  rarius  terrestres,  pleriimqiie  monoicas  vo!  dioicse.  Fila  varia,  ssepe 
diehotome  ramosa,  baud  raro  fascicnlatim  ramulosa.plernraque  in  csespites  vol  pulvinulos  cumulata, 
ill  niufO  gelatinoso  subliquiUo  vel  firma''uidulantia.  Propagatio  fit  tutu  oosporis,  tum  zoogonidiis. 
Zoogoiiidia,  oriuutnr  aut  singula  aut  geminis  ant  cytioplasmatis  divisions  8-1(5  in  qnoque  sporangio. 
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Aquatic,  paludal,  or  rarelj  terrestrial  algie,  raostly  monfficioaa  or  dioecious.  POaments  various, 
often  diehotomously,  but  not  rarely  fasciculately  braDcLed,  mostly  aggregated  into  turfy  masses  or 
little  cushiona,  and  generally  eiirroanded  by  a  firm  or  subliqnid  gelatinous  nincos,  Propagation  both 
by  zoospores  and  resting  spores.  Zoospores  arising  either  singly  or  by  the  division  of  the  cytioplasm 
iuto  8-16  in  each  sporangium. 

Genus  STIGEOCLONIUM. 

Fila  articulata,  Bimpliciter  ramosa;  rami  ramulique  sparsi,  rarius  faseiculatim  approximati,  in 
apicem  acutnm,  ssepe  piliferum  achroum  attonuati  et  plernmque  longe  protensi,  stepius  ramellia 
brcvibua  subnlatis  instrueti.  (R.) 

Filaments  articulate,  simply  branched  ;  branches  and  branchlets  sparse,  rarely  fasciculately  ap- 
proximated, with  their  ends  acute  and  frequently  prolonged  into  an  attenuate  transparent  seta  or 
hair,  and  very  often  furnished  witli  short  subulate  branches. 

Remarhs. — Plants  which  are  certainly  referable  to  this  genus  arc  abundant  in 
every  place  in  which  I  have  ever  looked  for  fresh-water  alga;,  I  confess,  how- 
ever, that  although  very  much  time  has  been  given  to  their  study,  I  have  not  been 
able  to  make  out  any  distinct  specific  characters,  nor  any  identifications  from  the 
diagnoses  of  M.  Eabenhorst.  In  a  certain  spring  northeast  of  the  city,  there  grows 
one  of  these  forms,  which  I  have  closely  watched  for  several  seasons.  In  the 
earlier  state  it  appears  at  times  to  possess  the  characters  of  a  young  CJiistopJiora 
(pi.  19,  fig.  1),  forming  a  small  gelatinous  base  out  of  which  the  threads  soon 
escape  as  they  lengthen.  It  constituted  a  sort  of  mucoid  layer  adhering  to  the 
boards  lining  the  stones  with  waving  masses  of  projecting  filaments  six  or  even 
eight  inches  in  length.  The  filaments  were  mostly  about  ^^-5"  "^  diameter  and 
much  interlaced. 

The  cells  varied  greatly  in  length,  some  being  scarcely  as  long  as  broad,  whilst 
others  were  eight  or  ten  times  longer.  The  short  cells  were  generally  densely 
filled  with  endochrome,  whilst  the  long  ones  were  nearly  empty.  The  branches 
often  ended  abruptly,  but  were  more  frequently  tipped  with  a  long  seta-like 
point.  The  method  of  branching  is  as  varied  as  can  be  imagined,  as  is  shown 
by  fig.  4,  pi.  16,  and  fig.  1,  pi.  20,  all  taken  from  different  plants  of  this  species. 
I  have  frequently  seen  the  production  of  zoospores,  but  no  other  method  of  repro- 
duction, la  all  cases  a  single  motile  body  (fig.  4,  pi.  16)  was  formed  in  each 
cell.  These  minute  bodies  are  globular  or  pyriforra,  and  within  the  cell  exhibit 
no  motion  whatever.  Their  escape  takes  place  very  slowly  through  a  lateral  slit 
in  the  wall.  No  cause  of  the  motion  is  visible,  and  during  the  passage  the 
zoospore  is  often  very  much  squeezed  out  of  shape.  According  to  Braun  (Vcr- 
jungung),  these  zoospor_es  possess  a  red  eye-spot.  I  had  not  read  his  description 
at  the  time  my  observations  were  made,  but  did  not  notice  any.  The  zoospores 
germinated  in  the  usual  way,  elongating  and  growing  into  a  cell  with  a  transparent 
seta-like  end,  and  finally  undergoing  repeated  divisions  to  form  the  plant. 

M,  Braun  states  that  he  has  observed  another  process,  in  which  the  contents  of 
a  single  cell  undergoes  a  perpendicular  division,  so  as  to  form  four  small  zoospores, 
which  escape  from  the  cell  in  the  same  way  as  the  larger  one,  and  further  says 
that  he  has  never  known  tliese  microgonidia  to  germinate. 
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Genus  DRAPAENALDIA,  Ag. 

Pila  artieulata  ramosa,  e  cellulis  magnis,  maxime  liyaliiiis,  fascia  cMorophyllosa  latiuBCuIa  oriiatia, 
semper  sterilibus  formata,  faeciculis  penlcillato-ruinuloaiBsimis,  e  cellulis  jninoribus  fertillbus  com- 
poeitis,  plus  minus  dense  obsossa.  Articuli  termiualos  omnium  ramuloi'um  iDanes  acliroi  sterilcs,  in 
pilum  hjaliaum  plus  minus  elongati. 

Filaments  articalated,  branched,  formed  of  large  cells  which  are  chiefly  hyaline,  but  furnished  with 
a  transversB  chloropbyllous  fascia,  more  or  less  densely  clothed  with  penicillately  ramulose  fasciculi, 
formed  of  smaller  fertile  cells.  Terminal  articles  of  all  the  joiuta  empty,  transparent,  sterile,  and 
elongate,  in  a  more  or  less  hyaline  hair. 

D.  glomerata,  (Vatjch.)  Ag. 

D.  ILlis  ramisque  priinariis  achrois  vel  snbaclirois,  ad  O.OOU'l"  crassis,  articulis  inferioribus 
diametro  requalibua  vel  paulo  brevioribus,  geniculis  manifesto  constrietis,  fasciis  chlorophyl- 
losia  angustis  dilute  viridibus;  ramis  primariis  subreetangiilo-patentibus,  stepe  oppositis ; 
ramulorum  fasciculis  confertis,  patentibns,  alternanitibus  vel  oppositis,  dense  ramellosis,  eub- 
ovalibus,  obtuais.  (R.) 

S^n. — D  glomerala,  (Vauchee)  Agaehh,     Kaeenhoest,  Flora  Europ.  Algaruni,  Sect.  III. 
p.  38. 

Zfafe.— Rhode  Island  ;   (S.  T.  OIney)  Thwaitea. 

Filament  and  primary  branches  colorless  or  subcolorless,  and  reaching  0.0014T"  in  diameter, 
lower  articles  about  as  long  or  a  little  shorter  than  broad,  manifestly  constricted  at  the 
joints,  chloi'ophyl  fascia  narrow,  light  green ;  primary  branches  subreetangnlarly  patent, 
often  opposite;  fasciculi  of  branches  crowded,  patent,  alternating,  or  opposite,  densely 
ramellose,  auboval,  obtuse. 

Memarks. — According  to  M.  Thwaites  tlie  true  Dr.  (jhmerata  gi'ows  in  Rhode 
Island,  as  he  so  identified  specimens  sent  to  him  by  Mr.  Olney,  These  specimens 
were,  however,  in  all  probability  dried,  and  if  this  was  so,  I  confess  not  to  attach- 
ing much  weight  to  the  identification.  The  Draparnaldia,  common  near  Philadelphia, 
is  at  once  so  like  and  yet  so  different  from  the  description  of  D.  glomerata,  that  I 
am  unable  to  fully  satisfy  myself  whether  it  be  a  variety  of  the  European  species 
or  distinct  from  it.  It  differs  very  greatly  in  the  thickness  of  the  stem  and  pri- 
mary branches.  I  have  given  above  P^of.  Eabenhorst's  description  of  the  Euro- 
pean variety,  and  now  append  one  of  th'.  plant  growing  in  this  neighborhood. 

Tar.  maxima. 

Dr.  filis  achrois,  ad  0  004"  crassis,  articulis  plerumque  diametro  dupio  longioribus,  in  medio 
SEepe  valde  tumidis;  ramis  primariis  achrois  vel  subachrois,  oppositis  vet  alternantibus  vel 
ternatis,  elongatis,  dense  ramelltjsis,  cum  ramuiis  lanceolatis ;  ramulorum  extrenioruiu 
fasciculis  dense  ramelosis,  oviitis  vel  lale  lanceolatis,  plerumque  confertia ;  ramulorum 
articulis  inferioribus  pleramquo  diametro  (ad  tsVn  "'  Sub^qnalibus,  articulis  superioribus 
diametro  duplo  ant  tnplo  longioribus,  plerumque  piliferia. 

Hah. — Prope  Philadelphia ;  Wood. 

Filament  transparent,  attaining  a  diameter  of  0.004",  its  articles  mostly  twice  as  long  aa 
broad,  strongly  swollen  in  the  middle ;  primary  branches  colorless  or  subcolorleas,  opposite, 
alternate  or  ternate,  elongate,  densely  ramellose  with  the  ramuli  lanceolate;  fasciculi  of 
extreme  branches  densely  ramellose,  ovate,  or  broadly  lanceolate,  mostly  crowded,  inferior 
articles  of  the  branches  mostly  about  aa  long  as  broad  (,Ae")'  superior  articles  two  to  three 
times  as  long,  mostly  piliferous. 


Hosted  by 


Google 


208  FRESn-WATBB   ALQ^   OP   THE    UNITED   STATES. 

Remarhs. — In  this  form  there  are  almost  always  numerous  little  clusters  of  branch- 
lets,  growing  immediately  from  the  main  stem  or  large  branches;  such  clusters  nre 
more  rigid,  more  open,  more  broadly  ovate,  ajid  less  markedly  piliferous  than  the 
others, 

D.  plumosa,  (Vaucher)  Aoardh. 

D.  fills  ramisque  primariis  hyalinig,  plernmqne  ^""  =  0.001'79"_erassiB;  articulis  diametro 
requalibus  vel  dimidio  brevioribus,  rarius  paulo  longioribus,  geniculis  tIx  aut  modice  coii- 
Btrictis,  fascila  clilorophyllosis  angustis  Isete  viridibus ;  articulis  inferioribus  ramalorura  diar 
metro  (  -iW'—i\s"')  aiqualibus  vcI  subduplo  loogioribus,  ptene  torulosis,  superioribus  cylin- 
dricis  ad  5^3'"  attcnuatis,  diametro  duplo  triplo-quintuplo  longioribus,  plerumque  non  pili- 
feris;  ramulorum /ascicuZis  dense  ramellosis,  elongalis,  acute  lanceolalis,  erecto-subap- 
pressie.  (R.) 

Syn Dr.  plumosa,  (Vauchek)  Agaiidu.      Kalenuokst,  Flora  Europ.  Algarura,  Sect.  III. 

p.  382. 

ffab. — In  rivnlia  et  aquis  quiotia 

Filament  and  primary  branches  liyaline,  mostly  ^"'  =  0.001T9"  in  diameter ;  articles  as  long  aa 
broad  or  one-lialf  shorter,  rarely  a  little  longer,  scarcely  or  slightly  coiistrieLed  at  tlie  joints, 
chlorophyi  fascia  bright  green,  narrow;  lower  articles  of  the  branches  about  as  long  as 
broad  (jJb'" — sW)  <"■  nearly  twice  as  long,  somewhat  torulose,  the  upper  ones  cylindrical, 
as  small  as  5^3'",  two  to  five  times  longer  than  broad,  mostly  not  piliferous  ;  fascicles  0/ 
branches  densely  branched,  elongate,  acutely  lanceolate,  actually  sttbappressed. 

Remarhs. — I  have  found  a  DraparnalJia  frequently,  which  I  believe  to  represent 
the  European  D.  plumosa.  As  I  have  preserved,  however,  no  specimens  or 
descriptions,  I  have  simply  copied  the  description  of  Prof.  Rabenhorst. 

D.  Billinssii,  Wood. 

D.  valde  gelatinosa;  fills  et  ramis  primariis  achrois  ad  tsttf"  erassis,  sparsissime  ramosis, 
articulis  diametro  2-6  pto  longioribus,  stepc  medio  valde  tumidis  ;  fasciia  cblorophyllis  dilute 
Tiridihus,  ssepe  nullia  aut  subnullis ;  ramnlornm  fascicnlis  dietantibns,  late  ovalibns  vel  late 
triangularibus,  alternantibus  vel  oppositis  vel  triplice  verticellatis,  sparse  ram osia,  patentissi- 
mis;  ramulis  pilis  longissimis  i-obustia  termiiialibus  instnictis;  oosporis  globosis,  moniliforme 
conjunctis ;  gporodermate  crasso. 

Syn.—D.  Billingsii,  Wood,  Proc.  Am.  Philos.  Soc,  186i>,  p.  143. 

Hab. — III  aqnis  qnietia,  prope  Philadelphia. 

Frond  very  gelatinous,  filament  and  primary  branches  attaining  a  diameter  of  ^Xa"'  ^ery 
sparsely  branched,  their  articles  2-6  times  longer  than  broad,  often  very  moch  swollen  in 
the  middle  ;  chlorophyi  band  light  green,  frequently  almost  or  entirely  wanting ;  fascicles 
of  branches  distant,  broadly  oval  or  triangular,  alternate,  opposite,  or  in  whorls  of  three, 
very  open;  ultimate  branchlets  terminating  in  a  long,  robust,  hyaline  hair;  resting  spores 
globose,  with  thick  walls,  arranged  in  long  nioniliform  sometimes  branched  filaments. 

RemarJcs. — I  found  this  plant  about  the  middle  of  March,  1869,  floating  on  the 
surface  of  a  little  pool  in  tlie  woods  near  Chelten  Hills,  a  few  miles  north  of 
Philadelphia.  To  the  naked  eye  it  appears  as  ft  gelatinous  mass,  resembling  a 
Tetras].)ora,  but  when  closely  examined  this  translucent  jelly  is  seen  to  be  filled 
with  rather  distant  greenish  points,  which  are  the  little  clusters  of  branches.  The 
largest  specimens  I  have  seen  had  attained  a  length  of  nearly  two  inches.  The 
filaments  are  very  transparent  and  have  the  branches  placed  at  long  intervals. 
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The  ultimate  branch  groups  are  ovate  or  oval,  and  are  remarkable  for  their  open- 
ness, the  branchlets  being  few  in  number  and  widely  separated.  Most  of  the  ulti- 
mate branchlets  are  prolonged  into  a  remarkably  strong  long  hair. 

The  cells  of  the  main  filaments  are  beautifully  transparent,  and  arc  sometimes 
cylindrical  but  more  generally  are  barrel-shaped.  Both  secondary  and  primary 
branches  are  often  arranged  singly,  sometimes  in  pairs,  not  unfrequcntly  in  threes. 
When  placed  between  two  plates  of  glass  and  examined  closely  by  the  unaided 
eye,  this  species  ia  readily  distinguishable  from  our  other  Draparnaldiat  by  its  fas- 
ciculi of  branches  being  so  widely  separated  as  to  bo  not  at  all  confused  with  one 
another. 

I  have  a  single  specimen  which  I  believe  to  be  in  fruit.  The  resting  spores 
(fig.  6,  pi.  14)  arc  in  long  branched  chains.  They  are  more  or  less  globose,  with 
a  very  thick  outer  transparent  wall,  and  an  inner  green  endochrome,  which  very 
probably  becomes  brownish  at  matui'ity.  Except  when  they  are  branched,  these 
scries  of  spores  remind  one  very  strongly  of  the  filaments  of  some  nostocs. 

I  dedicate  this  very  beautiful  species  to  Dr.  J,  S.  Billings,  U.S.A.,  to  whom  I 
am  under  the  greatest  obligations  for  aid  in  the  prosecution  of  this  research,  and 
whom  I  have  ever  found  to  unite  the  greatest  scientific  liberality  with  a  strong  en- 
thusiasm for  and  able  prosecution  of  the  study  of  these  lower  vegetable  forms. 

Since  describing  this  species  I  have  received  the  Microscopical  Journal  for  1869, 
containing  Dr.  Hicks's  paper  upon  D.  crudata.  The  original  description  in  the 
Linnfean  Transactions  had  escaped  my  notice.  D.  crudata  and  D.  Billingsii  are 
exceedingly  closely  related,  yet  if  Dr.  Hicks's  description  and  figures  be  accurate 
they  are  probably  distinct.  Thus  in  the  last  species  the  ramuli  are  not  placed  at 
right  angles  to  the  main  filament,  nor  are  they  ever  in  fours,  both  of  which  are 
given  as  characters  of  D.  m-uciata.  They  are,  on  the  contrary,  in  D.  Billingsii  at 
various  angles,  and  commonly  arise  singly,  but  not  unfrequcntly  in  pairs,  and  very 
rarely  in  threes.  It  is  worthy  of  remark,  on  the  other  hand,  that  the  figures  of 
Dr.  H.  do  not  entirely  agree  with  his  description,  as  in  no  case  are  there  more  than 
two  and  frequently  but  a  single  branch  at  one  place.  The  cells  of  the  main  fila- 
ment are  also  more  barrel-shaped  in  our  species  than  one  would  infer  to  be  the 
case  with  D.  crudata. 

After  all,  however,  I  think  it  very  possible  that  both  forms  belong  to  the  one 
species. 

Fig.  6,  pi.  14,  represents  a  small  portion  of  the  frond  with  fertile  branches  mag- 
nified 460  diameters. 

Genus  CH^TOPHORA,  Schrank. 

Fila  articulata  ramique  primarii  radiatim  dispositi,  e  cellulis  vegetativis  elongatis,  fascia  cliloro- 
phjllosa  ia  morem  Draparaaldiie  et  Stigeoclonii  ornatis  compositi,  sursum  in  ramulos  numero- 
sissimos,  brevius  articulates,  artidulis  extremis  attenuatia  scepe  inanibua  non  aut  vix  pilifcris  in- 
structoa,  fasciculatos  plus  minus  dense  congestoa  divisi,  massa  gelatinosa  firma,  coriacea  vel  dura 
involuti,  thallum  globosam  vel  eobglobosuin  aut  plane  expansum  varie  lobatum  et  fissum  con- 
stituentes.  (U.) 

Filaments  articulated,  with  tbe  prinjary  branch e a  radiately  disposed,  composed  of  elongated  vege- 
tative cells,  ornamented  with  a  chlorophylloua  fascia  like  a  Draparnaldia  or  Sligeocloniuni,  distally 

27        Beptomber,  1873. 
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resolved  into  very  numerous  fascicnlate,  more  or  less  densely  congested  branches,  with  shorter 
joints,  their  end  joints  alternate,  often  empty,  either  not  or  scarcely  piliferous ;  surrounded  hy  a  firm 
coriaceous  or  hard  jelly,  so  as  to  form  a.  globose,  suljglobose,  or  expanded  thallus. 

Bemarks. — I  have  never  seen  the  production  of  the  zoosporea  in  this  genus,  but 
they  are  said  to  arise  one  in  a  ceU,  and  to  escape  by  a  sort  of  lateral  splitting  of 
the  wall. 

C.  elegans,  (Goth)  Aoardh. 

Ch,  thallo  globoso  vel  subglohoso,  pist  vel  cerasi  magnitudine,  dilute  vol  saturate  viridi,  nitido, 

superficie  Isevi  vol   quasi  tnberculata,  elastice  molli,   nonnuiiquam   indurate;  fasciculorum 

ramnlis  laxis  vel  confertis,  articnlis  extremis  brevi-cuapidatis,  sjepe  piliferis. 
Syn. — C.  elegans,  (Roth)  Agakdh.     RABENiioaaT,  Flora  Europ.  Algarum,  Sect.  III.  p.  384. 
ffab. —VmtcA  States. 
Thallus  globose  or  subglobose,  of  the   size  of  a  pea  or  cherry,  light  green,    with  the  surface 

smooth  or  quasituberculato,  clastic  but  soft,  sometimes  indurated  ;  branches  of  t!ie  fasciculi 

lax  or  crowded  ;  end  articles  shortly  cuspidate,  often  piliferous. 

Remarhs. — One  of  the  commonest  of  our  fresh-water  algEe  is  a  plant  belonging 
to  this  genus,  which  I  think  is  probably  the  G.  elegans  of  Eoth.  I  am,  how- 
ever, unable  to  discover  any  characters  separating  C.  pisifoj-mis,  C.  elegans,  and 
perhaps  C.  tuberculosa,  and  hardly  know  by  which  of  the  three  names  our  Ameri- 
can form  should  be  known.  Our  plant  grows  generally  in  shaded  pools,  springs, 
and  ditches  in  great  abundance,  adhering  as  little  translucent  balls  to  grasses, 
leaves,  twi^,  or  anything  that  may  be  in  the  water.  The  size  of  the  frond  varies 
from  the  young  one,  not  so  large  as  a  pin's  head,  to  the  old  matured  one,  which 
may  be  nearly  an  inch  in  diameter.  The  color  also  varies  greatly.  It  is  always 
some  shade  of  a  pure  green.  The  surface  is  mostly  smooth,  hut  sometimes  it  is 
so  puckered  up  as  to  be  a  mass  of  large  flat  tubercles.  It  is  these  forms  that  I 
suppose  to  represent  C.  iuhercidosa.  The  thallus  is  generally  elastic,  but  at  the 
same  time  soft,  so  that  although  readily  compressed  and  pushed  out  of  shape,  it  is 
entirely  mashed  with  some  difliculty,  especially  as,  owing  to  its  slipperincss,  it 
constantly  escapes  from  the  grasp. 

In  regard  to  the  individual  filaments,  the  method  of  their  branching  and  the 
proportionate  length  and  breadth  of  the  cells  vary  very  much  in  different  in- 
dividuals and  probably  at  different  ages  of  the  same  individual. 

Fig.  5,  pL  6,  represents  rather  indifferently  well  a  young  individual  of  this 
species. 

C.  endivisefolia,  (Roth)  Ag. 

Ch.  thallo  linoari,  subplano,  semipollicari  rel  poUicari,  nonnunquam  valde  elongate,  liete  vel 
obscure  viridi,  dichotomo-subreticulatum-laciniato  (nonnunquam  habitu  liicciae  jluitantis)  ; 
fliis  ramisque  primariis  plerumque  acbrois,  passim  viridi-zonatis,  parallelis;  ramulorum  fasci- 
culis  lateralibus,  plus  minus  densis,  divaricato-pateutibus ;  articulis  plus  minus  tumidis, 
diametro  tequalibus  vel  subEcqualibus ;  geniculis  coustrictis ;  eytioplasmato  granuloso 
effuso.   (R.)     Species  mihiignola. 

Syn. — C.  endiviasfoKa,  (Roth)  AOAanH.      Eabenhoust,  Flora  Europ.  Algarum,  Sect.  III. 
p.  383. 
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Eab. — South  Carolina ;  (Eavenel)    Wood.     Rhode  Island ;  (S.  T.  Olnej)  Thwaites. 

Thallus  linear,  flattish,  of  half  to  a  whole  thumb's  breadth,  sometimes  greatly  elongate,  bright 
or  obscure  green,  diehotomously  subreticulately  laciniate  (sometimes  with  the  habit  of 
Biccia  Jluitans)  ;  filamentandprimary  branches  mostly  colorless,  sometimes  zoned  with  green, 
parallel ;  lateral  fasciculi  of  branches  more  or  less  dense,  divaricately  patent ;  joints  more  or 
less  tumid,  diameter  equal  or  subequal ;  joints  constricted  ;  cytioplasm  effused  granulate. 

Memarlcs. — I  have  never  seen  a  living  or  well-preserved  specimen  of  this  species, 
and  have,  therefore,  here  simply  copied  the  description  of  Prof.  Rabenhorst.  Prof. 
Ravencl  has  sent  to  me  dried  algge  labelled,  and  I  think  correctly,  as  belonging  to 
this  species,  but  their  condition  did  not  allow  any  scientific  study  of  them. 

Genua  PILINIA,  Ktz. 

Pila  artieulata,  erecta,  simplicia  vel  dichotome  ramosa,  basi  afflxa,  in  stratum  crustaceura  sub- 
spongiosum,  fragile  aggregata.     Propagatio  adhuc  ignota. 

Filaments  articulate,  erect,  dichotomously  branched,  fixed  by  the  base,  aggregated  into  a  some- 
what spongy  fragile  ernstaccous  stratum.     Method  of  propagation  unknown. 

P.  diluta,  Wood,  (sp.  nov.) 

P.  rupicola,  in  strato  cano-viridi  disposita;  fills  ramisque  fasciculatis,  apice  obtusis  ;  artieulis 
diametro  1^  plo-3^  plo  longioribus. 

Diam. — Mas.  0.0004". 

Hub. — In  fontibus  masimis,  prope  Bellefonte,  Centre  County,  Pennsylvania ;  Wood. 

Growing  on  stones  and  rocks,  forming  a  grayish-green  stratum  ;  filaments  and  branches  fasci- 
culate, with  the  apices  obtuse  ;  joints  1^-3^  times  longer  than  broad. 

Remarks, — Near  Bellefonte,  Centre  County,  Pennsylvania,  there  issues  from  the 
limestone  rocks  the  largest  spring  I  have  ever  seen,  giving  rise  to  a  creek-like  tor- 
rent, which  supplies  the  city  with  water,  and  passes  on  scarcely  diminished  in 
Volume.  In  this  spring  grows  the  curious  algae  under  consideration,  forming  a 
somewhat  lubricous  crustaceoua  and  stony  stratum  on  the  stones  and  rocks  in  the 
basin.  This  stratum  is  of  a  grayish-green  color,  and  is  quite  friable,  breaking  in 
the  direction  of  the  filaments  with  the  greatest  possible  readiness.  When  placed 
under  the  microscope  it  is  seen  to  be  composed  of  filaments  whose  course  is  a 
direct  one  from  the  under  to  the  upper  surface.  They  are  apparently  rigid,  pre- 
«erving  their  courses,  and  not  being  intermatted.  They  are  composed  of  cylindri- 
-jal,  confervoid  cells,  and  are  dichotomously  branched,  and  yet  when  viewed  as 
,  a  whole  the  filament  and  its  branches  form  a  sort  of  fasciculus.  The  basal  cell 
or  cells  appear  to  be  globular.  When  I  collected  this  plant  I  was  forced  by  cir- 
cumstances to  put  the  specimens  in  carbolic-acid  water  for  future  study,  and, 
therefore,  I  have  had  no  opportunity  of  studying  their  method  of  reproduction. 
I  am  not  altogether  satisfied  in  referring  this  plant  to  the  PiJinia,  and  yet  all  the 
most  important  of  the  characters  given  by  Rabenhorst  are  preserved  by  it.  It 
certainly,  however,  differs  very  greatly  from  P.  rimosa,  Ktz. 

Genus  APHANOCH^TE,  Braun. 

Fila  distincte  artieulata,  pro  strata,  repentia,  intordum  in  stratum  irregulare  pins  minusveeoncreta; 
ramulia  repentibus  vel  adscendentibua  f  eellulis  chlorophyll aceis,  apice  vel  dorso  eetigeris.  Propa- 
gatio zoogonidiis. 
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Threads  distinctly  articulate,  prostrate,  creeping,  eoroetimea  more  or  less  concreted  into  an  irregular 
stratum  ;  branches  creeping  or  ascending ;  cblorophyllous  cells  with  the  dorsum  or  apex  setigerous. 
n  by  z 


Remarks. —Sexual  reproduction  has  not  as  yet  been  discovered  in  this  genus. 
According  to  Dr.  Braun  (Verjiing.,  Translation,  of  the  Ray  Society,  p.  184,  &c.) 
two  zoospores  are  generally  formed  in  a  cell  by  a  division  of  its  contents  parallel 
to  the  septa,  but  occasionally  this  division  not  taking  place,  the  cell  contents  are 
resolved  into  a  single  zoospore.  The  zoospores  themselves  are  nearly  globular, 
biciliate,  and  unprovided  with  any  reddish  eye-spot. 

A.  repens,  Bkaun. 

A.  filia  procumbentibus  plerumqne  siraplieibua ;  artienlis  cylindricis  aut  tumidis,  diametro  sub- 

ffiqualibus  ad  1-2  plo  longioribas  ;  setis  e  eellularum  dorso  egressis,  plerumque  singulis  sed  in- 

terdum  geminis,  interdum  nallis. 
Diam.— Artie.  ijS^^"— Tsssii"  =  -0002d— .0004". 

Syn.^A.  repens,  Braun.     Rabehhorst,  Flora.  Europ  Algaram,  Sect.  Ill  p.  891. 
Eab. — In  CEdogoniis,  prope  Philadelphia;  Wood. 
Filaments  procambe'nt,  mostly  simple ;  articles  cylindrical  or  tumid,  from  as  long  as  broad  to 

twice  as  long ;  seta  arising  from  the  back  of  the  cells,  generally  single,  sometimes  gemioate, 

sometimes  wanting. 

Remarhs. — The  specimens  from  which  the  above  description  was  drawn  up,  were 
found  growing  on  the  filaments  of  CEdogonium  mirabile,  Wood.  They  were  re- 
markable for  the  rarity  with  which  they  were  branched,  for  in  but  two  or  three 
cases  out  of  a  great  number,  were  any  branches  detected.  The  articles  were  fre- 
quently twice  as  long  as  broad.  In  both  these  particulars  the  plant  difi'ers  from 
tiie  typical  European  A.  repensy  but  the  descriptions  of  that  form  are  so  short  and 
imperfect  that  I  have  preferred  retaining  the  name  for  the  American  plant. 

Fig.  5,  pi.  14,  represents  an  ordinarily  formed  specimen  magnified  460  diameters. 
It  had  been  kept  for  some  time  in  weak  carbolic-acid  solution,  and  although  the 
green  of  the  chlorophyll  was  perfectly  preserved,  the  stumps  only  of  the  setee 
were  visible.  How  long  the  perfect  set^  are  I  canndt  at  present  say,  not  having 
made  any  notes  on  the  fresh  specimens. 

Genus  COLEOCH^TE,  Beeb.  (1844). 

Fila  articulata  ramosa  aut  in  pulvinulum  conjuncta  aut  in  thallam  planum  eubdiaciformem 
parenchymaticum  concreta ;  articuli  oblongi,  antice  plus  minus  dilatati,  angulo  superiorl  vol  dorso 
s^epe  ill  setam  basi  Taginatam  product!.  Propagatio  fit  turn  oosporis  fmcundatione  soxuali  ortis, 
tnm  zoogonidiis.  Zoogonidia  in  quaqne  cellula  fructifera  unica,  forma  suhgloboaa  vel  late  ovalia, 
polo  antico  ciliis  vibratoriis  binis  instructa.  (R.) 

Filaments  articulated,  branched,  either  conjoined  into  a  little  cumulated  mass  or  parenchematously 
concreted  into  a  plain  subdiseifcrm  tualius  ;  articles  oblong  anteriorly,  more  or  less  dilated,  often 
furnished  with  a  long  seta  on  their  dorsum  or  superior  angle.  Propagation  occurring  by  means  of 
oospores,  formed  by  sexual  organs  or  by  zoospores.  Zoospores  subglobost  or  broadly  oval,  formed 
singly  in  the  fertile  cell,  furnished  at  their  anterior  pole  with  vibratile  cilia. 

liemarJcs. — I  bave^seen  a  large  number  of  specimens  of,  as  I  believe,  two  distinct 
species  of  this  genus,  but  never  having  found  any  fruiting  fronds,  have  not  been 
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able  to  identify  them.  One  of  the  forms  grows  in  this  immediate  locality,  and  is  very 
probably  O.  sGuUita,  Breb.  The  otlier  was  collected  in  Northern  Michigan.  It  is 
characterized  by  its  frond  never  being  disciform,  although  composed  of  a  single 
plane  of  cells  parenchematously  united. 

Class  KHODOPHYCK^. 

Algse  nmlticellulares,  vegetatione  terminalis  non  limitata  prsertitas 
plerumque  trioicaa. 

Thallus  e  collularum  seriebus  vel  stralis  singulis  Tel  pluribus  compo- 
eitus,  aut  nudus  aut  e  eellularum  strato  corticatus,  forma  quam  maxime 
varius;  mombranaceus  (Porphyridium),  cnistaoeus  (Hildenbrandtia), 
filamentosus  et  verticillatim  ramosus  (Batracliospeimum,  Tborea),  fascii- 
formis  (Bangia),  foliaceus,  etc. 

Cytioplasma  pleramque  ihodophyllo  (Cohn),  rarius  phycho-chromate 
coloratum,  granula  amyloidea  vel  amylacea  et  saspe  guttulas  oleosas 
includens. 

Propagationis  organa  triplicis  indolis,  saepissime  in  plantas  distinctas 
disposita. 

1.  Organa  masada  yel  aniherida  e  fasciculis  eollurarvun  pleramque  mo- 
niliformibus  ramosis,  denique  in  spermatozoidea  vel  spevmatia  foeonn- 
dantia  [Sporidia  I.  Ag.)  oblonga  vel  ovalia,  achrod,  immobilia  dissolutis 
formata. 

2.  Organa  feminea  vel  cijstomrpia  Ktz.  e  soris  nonnunquam  monilifor- 
mibus  formata,  qui  e  placenta  saepissime  corticali  evolvuntur,  nudi  vel 
cuticnla  mucilaginosa  vel  involucro  inclusi,  denique  sporas  (polyspm-as) 
numerosas  immobiles  mox  germinantes  emittunt.  Foecnndatur  cysto- 
carpium  statu  primordiali  ope  organi  piliformis  {tridwgi/ne  Thuret  et 
Bornet)  quoram  spermatia  copulantur. 

3.  Tetrasporangia  e  cellula  corticali  unioa  valde  intumescente  formata, 
divisione  utriculi  primordialis  eruciata  quadrilocularia ;  in  quoque  lociilo 
{edluKs  secundariis,  sororiis)  spora  unica  [tetraspora)  se  format,  quae  sine 
fcecundatione  geraiinat.  (R.) 

Multicellular  algas,  mostly  trilBoious,  furnished  witb  unlimited  not  ter- 
minal vegetation. 

Thallus  composed  of  cells  in  rows  or  in  a  simple  or  multiple  stratum, 
either  bare  or  provided  with  cortical  strata  of  cells,  exceedingly  various 
in  form;  membranaceous  (Pophyridium),  crastaceous  (Hildenbrandtia), 
aiamentous  and  verticillately  branched  (Batrachospermum,  Thorea), 
fasciate  (Bangia),  foliaceous,  &c. 

Cytioplasm  mostly  chodophyllous,  rarely  phycochromatously  colored, 
including  amyloid  granules  or  starch  and  frequently  oil  drops. 

Propagation  by  means  of  three  immotile  organs,  generally  placed 
upon  distinct  plants. 

1.  Antheridia  composed  of  mostly  moniliformly  branched  fascicles  of 
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cells,  "wliich  dissolve  into  oblong,  oval,  transparent  immotile  spermato- 
zoids  [Sporidia  Ag.). 

2.  Cystomrpia  Ktz.,  or  PistiUidia,  formed  of  somewhat  moniliform  son, 
which  are  evolved  from  a  generally  cortical  placenta,  and  are  naked  or 
surrounded  by  a  mucilaginous  cuticle  or  involucre,  and  finally  emit 
numerous  immotile  spores  (poli/spores),  which  quickly  germinate.  The 
fecundation  of  the  cystocarpia  occurs  in  their  primordial  state  by  con- 
tact of  the  spermatia  with  a  piliform  organ  known  as  trichogonia. 

3.  Tetrasporangia  formed  of  single,  greatly  swollen  cortical  cells,  be- 
coming cruciately  quadrilocular  by  division  of  the  primordial  utricle ;  in 
each  loculus  {secmukbry  or  si^r  cells)  a  single  spore  (tetraspore)  forms, 
which  germinates  without  fecundation. 

Family  PORPHYEACE^. 

Thailoa  mncoso-membranaceus,  foliaeeus  vel  filamontosus,  e  cellularum  seriebus  vol  strato  uuico 
formatus,  pleramque  piirpurascens,  valde  lubrieus. 

Vegetatio  fit  cellularum  divisione  id  duas  vel  omncs  directionea  repetita. 

Propagatio  fit  tetraeporis.     Cystocarpia  nondum  observata. 

Tballus  mucous-membranous,  foliaceous  or  filamentous,  formed  of  cells  iu  series  or  in  a  single  stra- 
tum, mostly  porplish,  very  slippery. 

Growth  taking  place  by  repeated  division  of  the  cells  in  two  or  all  directione. 

Propagation  by  means  of  tetraspores.     Cystocarps  not  yet  observed. 

JSmtarks. — The  only  species  of  this  family  as  yet  observed  in  North  America 
can  hardly  be  said  to  have  a  definite  tballus.  They  are  rather  multitudes  of  cells 
heaped  together  and  closely  attached  to  one  another  into  a  shapeless  expanded 

mass. 

Genus  PORPHRYDIUM,  Naeg.  a849). 

Tballus  mn  CO  so -membra  11  ace  us,  subcrustaeeus,  longe  latcque  e.vpansus,  e  cellulis  globosis  vel 
polyedricis  compositus,     Propagatio  adhuc  igiiota. 

Tliallus  mucous-membranous,  subcrustaceons,  long  aud  widely  expanded,  composed  of  globose  or 
polyhedral  colls.     Propagation  unknown. 

P.  Cmentiim^  (Ao.)  Naeg. 

P.  thallo  saturate  purpuro-sanguineo,  lubrico;  cellulis  anguloso-rotuudatis.     (E.) 
iJiaiM.— 0.00027"— 0,00035".     (R.) 
Hab.—New  York. 

St/n. — P.   cruentum,  (Agaed,)   Naegel.      Rabenhorst,  Tlora  Europ.  Algarum,  Sect.  TIL 

p,  397. 
Thallus  deep  crimson  pnrple,  slippery ;  cells  angled  and  rounded. 

Remarks. — The  only  specimen  I  have  seen  of  this  species  was  a  little  speck, 
adherent  to  a  bone  picked  up  on  Governor's  Island,  in  New  York  Harbor.  It  is 
very  probable  that  it  was  a  recent  arrival,  brought  over,  perchance,  by  some  emi- 
grant.    For  it  I  am  -mdebted    to  Dr.  Billings,  U.  S.  A.      The   description  and 
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measurements  given  above  aie  copied  from  Prof.  Kabenhorst's  work.    My  specimen 
agrees  well  with  it, 

P.  magnijicuiii,  Wood. 

P.  cellulis  globosis  vel  snbglobosis,  stepe  nonnihil  polygonis  et  in  massam  indefinite  expansam 

confluentibus  ;  cytioplasmate  purpurco,  grannlato ;  cytiodermate  crasso,  liaud  lamelloso. 
I>iam.— Cell  cam.  tegnm.  j^f^^—j^'^^j.      Tcgum.  ^-1^^^;^—^-^^,^-^. 
Si/n. — P.  magnificum.  Wood,  Proc.  Am.  Philos.  Soc,  1869,  p.  144. 
Sab. — In  terra  hiimida,  Texas;  Prof.  Ravenel. 
Cells  globose  or  subglobose,  often  somewhat  polygonal  and  conjoined  into  an  indefinite  mass ; 

eudochrome  purple,  granulate ;  cell  wall  thick,  not  laminate. 

Semarks. — This  species,  which  was  collected  in  Texas  by  Prof.  Ravenel,  growing, 
I  believe,  on  wet  sand,  is  very  distinct  from  the  European  plant,  differing  essenti- 
ally in  size  and  form.  In  some  instances  the  cells  have  a  greenish  tint,  but  this  is 
possibly  owing  to  immaturity,  as  such  cells  seem  smaller  than  others.  The  whole 
mass  to  the  eye  has  a  very  rosy  purple  tint,  and  although  under  the  microscope  it 
appears  much  darker  and  more  purple,  yet  it  often  retains  some  of  the  roseate  hue. 
At  the  edges  of  the  masses  the  dark-reddish  color  often  gives  way  to  a  very  decided 
greenish  tint,  presenting  an  appearance  which  is  very  well  represented  in  the 
dra^ving  of  the  preceding  species,  in  M,  Mengehini's  MonograpTiia  Nosiochinearum 
Italicarum,  &c.,  Memoire  della  Reale  Academia  delle  Scienze  di  Torrino.  The  cells 
are  often  closely  united  by  their  thick  coats  into  a  very  coherent  mass.  With  the 
ordinary  cells  I  have  occasionally  seen  other  larger  ones,  of  an  orange  color,  with 
very  thick  walls.     Are  these  resting  spores  ? 

Fig.     ,  pi.  19,  represents  single  cells  of  this  plant  magnified  750  diameters. 

Family  CHANTRANSIACE^. 

Thallas  filamentosus.  Fila  articulata,  e  cellularum  serie  unica  formata,  ramosa,  stricta,  nuda, 
raro  passim  corticata,  rami  supeme  fascicnlatim  ramellosi ;  articuli  cylindrici.  Cytioderma,  homo- 
geneum,  maxime  hyalinum.  Cytioplasma  homogeneum,  plerumqne  purpuraseens.  Propagatio  fit 
polysporis  immobilibua,  ovalibns,  in  ramellomm  apice  pel  lateraliter  formatis,  corymboso  aggregatis. 
Antheridia  aubglobosa,  terminalia.     Tetraspora  raro  observatte. 

Thallas  filamentous.  Threads  articulate,  formed  of  a  single  series  of  cells,  branched,  straight, 
hare,  rarely  here  and  there  articulate  ;  branches  above  fasciculately  branched ;  joints  cylindrical 
Cytioderm  homogeneous,  mostly  hyaline,  cytioplasm  homogeneous,  mostly  purplish.  Propagation 
by  immovable  oval  polyspores  formed  on  the  ends  of  the  branches  or  laterally  and  corymbosely 
aggregate,     Antheridia  subglobose  terminal.     Tetraspores  rarely  observed. 

Genus  CHANTKANSIA,  Fries. 

Familise  genua  unieum. 

The  only  genus  of  the  family. 

C.  expansa,  Wood. 

C.  csespiiosa,  in  lapide  stratum  saturate  violaceo-purpureum  lubrieum,  indefinite  espansam, 
formans;  filia  purpnreis,  modice^amosis,  fere  2  lineas  longis  et  ramis  plerumqne  strictis  et 
reetis,  s£epe  elongatis;  ramulis  fertilibns  brevibus,  aseendentibus;  articulie  diametro  3-8  plo 
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longloribus,  extremis  obtusis ;  poljsporis  in  ramellia  lateralibua  racemosim  et  confertim 
CQmulatis,  ovalibus  vel  Donnihil  obovatia. 

IMam.—Fn.  jg^o"  =  ■0004".     Spor.  transv.  3^'^/'  =  .00027  long.  j^Vet  =  -OOOi". 

Syn. —  C.  expansa.  Wood,  Prodomus,  Proc.  Amer.  Pliilos.  Soe.,  1869. 

Sab. — la  rivulia,  propc  Philadelphia. 

Cffispitoae,  forming  a  dark  purple,  slippery,  indefinite  Btratum  on  stones ;  filaments  purple, 
moderately  branched,  almost  2  lines  long,  together  with  the  branches  strict  and  straight, 
often  elongate;  infertile  branches  sometimes  very  few,  sometimes  very  numerous;  fertile 
branches  short,  ascending ;  joints  3-8  times  as  long  as  their  diameter,  the  final  articles  ob- 
tusely rounded :  polyspores  racemose,  crowded  on  the  fertile  branches,  oval  or  somewhat 
ovate. 

liemarka. — This  species  was  found  growing  in  a  running  stream,  forming  a  fclty 
slimy  coating  upon  largo  stones,  looking  so  much  like  a  stratum  of  Oacillatoria, 
that  when  I  gathered  it  I  thought  it  probably  was  a  representative  of  that  genus. 
The  stratum,  however,  when  carefully  examined,  is  seen  to  he  made  up  of  an  in- 
deiinite  number  of  minute,  very  closely  approximate  tufts.  The  color  was  a  dark 
dull  purple.  The  plant  may  possibly  be  the  Chintransia  v-iolacea,  of  KiJTziNG, 
which  it  resembles  in  many  particulars,  but  it  is  nearly  twice  as  long  and  the  fila- 
ments are  considerably  thicker.  Its  habit  of  growth  also  seems  to  be  essentially 
different  from  that  of  the  European  plant,  so  that  I  have  finally  decided  to  con- 
sider it  a  distinct  species.  The  exact  locality  of  its  growth  is  in  a  thickly-shaded 
portion  of  the  stream  that  runs  along  the  North  Peimsylvania  E^ilroad,  just  this 
side  of  Chelten  Hills. 

Fig.  2,  pi.  19,  represents  a  filament  magnified  125  diameters ;  fig.  2  a,  a  part  of 
a  fertile  branch  magnified  460  diameters. 

C.  macrosporaj  Wood  (sp.  nov.). 

C.  cffispitosa,  subpollicaris,  olivaceo-grisea  vel  saturate  violaceo-puipurea;  filia  ramosis  et 
ramis  plerumque  strictis  et  rectis,  et  elongatia ;  articulis  diametro  3-8  plo  longioribus ;  ramu- 
lis  fertilibus  brevissimis ;  polysporis  singulis  vel  geminis,  sparsis,  siepe  distantibua,  globosis, 
iuterdum  do n nihil  ovalibus. 

Diam.~Fil.  plerumque  .0008— max.  .001.     Polysp.  .0009- 

iTafi.— Soath  Carolina  ;  (Ravenel). 

Cfespitose,  about  an  inch  long,  olive-gray  to  deep-violet  purple  ;  filaments  a  good  deal  branched, 
with  the  branches  mostly  straight  and  elongated  ;  fertile  branches  very  short ;  articles  3-8 
times  longer  than  broad ;  spores  single  or  geminate,  few,  often  distant,  globose,  or  sometimes 
slightly  oval. 

Hemarks.—l  am  indebted  to  Prof.  Kavenel  for  specimens  of  this  species  pre- 
served in  carbolic-acid  water.  They  are  labelled,  "  Dull  olive  green,  growing 
against  wooden  boards  in  spring,  Nov.  5,  1869.  Aiken,  South  Carolina."  The 
most  of  the  mass'is  of  the  color  noted,  or  at  least  approaches  it,  but  a  portion  is 
almost  blackish  purple.  The  species  is  a  very  distinct  one,  characterized  by 
the  larger  diameter  of  its  articles  and  spores,  by  the  paucity  and  shape  of  the 
latter,  as  well  as  by  its  variance  in  coloration.  In  some  old  specimens  the  cell 
wall  is  distinctly  lamellate.     I  have  only  seen  fruit  on  the  purple  filaments.     The 
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spores,  apparently  not  mature,  have  a  greenish-brownish  tint.  I  have  also  received 
from  Prof.  Eavenel  dried  algae,  which,  apparently,  are  the  same  species  as  those 
from  which  this  description  has  been  written,  but  which,  not  being  in  fruit,  cannot 
be  absolutely  identified.  They  are,  as  dried,  of  a  bright  bluish-green,  and  attain 
the  length  of  an  inch  and  a  half  or  more. 

Fig.  3,  pi.  19,  represents  a  part  of  a  branch  of  this  plant  magnified  460 
diameters. 

FAmLY  BATEACHOSPERMACE^. 

Algfe  dioicffi,  Thallus  filamcntosas,  articulatua,  r&mosns,  aut  violaceus,  v iol ace o-purpu reus 
vel  cseruleo-yiridis,  muco  inatricali  involatus ;  filis  primariia  ramisque  e  cellularum  serie  unica 
central!  primaria  et  aeriebus  numerosis  secundariia  parallelis  continuis  vel  interruptis  externis  com- 
positis,  aut  ramulorum  fasciculis  verticillatis  globoso  vel  snbgloboso  dense  conglobatis  lequali 
distantia  obsitis,  aut  ramulis  simplicibus  vel  dichotomis  dense  ubique  vcstitis.  Vegetatio 
terminal  is. 

Ditecious  algse.  Thallus  filamentoua,  articulate,  branched,  violet  or  violet-purple  or  bluish-green, 
covered  with  mucous;  primary  filament  and  branches  composed  of  a  single  central  series  of  cells, 
and  numerous  external,  parallel,  continuous,  or  interrupted  secondary  series;  either  furnished  with 
globoscly  or  subglobosely  densely  conglobate,  equally  distant  vertieillate  fasciculi  of  branches,  or 
everywhere  doiiseiy  covered  with  simple  or  dicbotomous  branches.     Vegetation  terminal. 

Genus  BATRACHOSPERMUM,  Roth,  1800. 

Thallus  filamentosus,  moniliformis,  e  cellularum  serie  unica  medullari,  accessoriis  parallelis  corti- 
cata  compositis,  ramulorum  fasciculis  subgloboso-c 


Thallus  moniliform,  composed  of  a  simple  series  of  medullary  cells  and  cortical  accessory  parallel 
series,  clothed  with  subglobosely  conglobate  fasciculi  of  branches. 

Remarks. — The  Batraclwsperms  are  amongst  the  veiy  largest  of  the  fresh-water 
algge,  forming  gelatinous  branched  masses  from  a  few  inches  to  even  more  than  a 
foot  in  length.  The  fronds  are  very  freely  and  very  irregularly  branched,  and  are 
evidently  composed  throughout,  i.  e.,  both  in  regard  to  the  main  filaments  and  the 
branches,  of  two  portions,  a  central  axis  and  much  more  slender  short  transverse 
branchlets,  which  often  end  in  a  long  hair,  and  are  arranged  more  or  less  exclu- 
sively in  groups,  so  as  to  form,  to  the  naked  eye,  at  regular  intervals,  little  balls  or 
knots,  the  whole  plant  thus  presenting  a  sort  of  moniliform  aspect.  Sometimes, 
however,  these  glomeruli  are  placed  so  closely  together,  and  grow  so  large  that 
they  become  confluent,  and  the  branch  to  which  they  are  attached  appears  as  a 
uniform  thick  and  very  gelatinous  cylindrical  cord. 

The  axis  both  of  the  stem  and  the  branches  of  a  Batrachosperm  consist  ori- 
ginally of  but  a  single  series  of  cells.  The  development  of  new  cells  takes  place 
in  two  ways,  the  one  of  which  results  simply  in  an  increase  in  the  length  of  the 
axis,  the  other  in  the  production  of  branches.  The  first  of  these  is  the  ordinary 
process  of  cell  multiplication  by  division,  and  occurs  only  in  the  end  cells,  so  that 
no  new  cells  are  ever  formed  in  the  central  portions  of  the  axis,  which  increases 
in  length  solely  by  the  addition  of  new  cells  at  the  end,  and  by  longitudinal  growth 
of  the  old  ones.  The  first  step  towards  the  formation  of  a  branch  is  the  produc- 
tion of  a  little  pouch-like  protrusmn  near  the  upper  end  of  a  cell.     This  increases 

28      3»ptembeF,  1873. 
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in  size  and  soon  being  cut  off  from  the  parent-cell  by  a  partition,  forms  a  complete 
cell,  the  starting  point  of  a  new  branch.  If  this  cell  has  been  formed  alone,  with- 
out companions,  it  is  the  beginning  of  a  main  branch,  and  divides  after  a  very  brief 
period  transversely,  the  new  cell  thus  arising  in  a  little  while  itself  divides,  and  so 
the  process  goes  on  until  the  axis  of  a  large  branch,  similar  to  the  parent  axis  is 
developed,  and  which,  like  the  parent  axis,  increases  only  by  a  division  of  the  end 
cell  and  longitudinal  growth  of  the  central  ones. 

When  a  glomerulus  is  to  be  formed  instead  of  a  single  pouch,  a  number  appear 
around  the  upper  end  of  a  cell,  and  become  cut  off  as  new  cells.  Each  of  these 
is  the  starting  point  of  a  new  row  of  cells,  which  not  only  grows,  at  least  up  to 
a  certain  point,  by  the  division  of  the  end  cells,  but  which  also  gives  rise  to  a 
large  number  of  branches  in  a  way  precisely  similar  to  that  in  which  it  itself  was 
developed,  i.  e.,  by  the  formation  of  little  lateral  protrusions,  &c.  These  secondary 
branches  have  a  life-history  similar  to  that  of  the  branch  whose  offspring  they  are. 
They  continually  give  origin  to  new  branchlets  in  the  way  just  described,  which 
branchlets  themselves  produce  fresh  offshoots,  and  so  it  goes  on  until  at  last  the 
forest  of  branchlets  making  up  the  dense  glomerulus  is  evolved.  It  has  been 
just  stated  that  the  original  axis  of  the  main  filament  or  any  branch  is  composed 
of  a  single  simple  series  of  large  cells  ;  when  an  old  Batrachosperm  is  placed  under 
the  microscope,  however,  it  is  at  once  evident  that  the  axis  is  in  reality  formed  of 
such  a  series  lying  in  the  centre  and  covered  over  and  often  hidden  by  numerous 
longitudinal  series  of  smaller  cells.  These  latter  do  not  belong  to  the  original 
axis,  but  are  secondary  additions  to  it,  and  arise  in  this  way.  Whilst  a  glomerulus 
is  being  developed  certain  of  the  basal  cells  of  its  constituent  branches  give  origin 
in  the  usual  manner  to  branchlets,  which,  instead  of  growing  outward  to  form  a 
part  of  the  glomerulus,  grow  upwards  or  downwards,  closely  hugging  and  finally 
enveloping  the  original  axis,  an.d  at  last  forming  a  distinct  cortical  layer  to  it. 

Very  frequently  in  well-advanced  Batrachosperms  there  will  be  seen  scattered 
among  the  glomerulus  large,  round,  firm,  dense  balls  composed  of  a  great  number  of 
small  closely-attached  cells.  These  are  the  reproductive  bodies.  According  to  H. 
Graf  zu  Solms-Laubach  {Botanische  Zeitung^  1867,  p.  161),  they  are  the  result  of 
sexual  reproduction,  and  are  developed  from  authendia  and  tricTiogcmia  (female 
organs)  in  the  following  manner: — 

The  antheridia  are  small  roundish  cells  full  of  a  colorless  protoplasm,  which  is 
remarkable  for  the  very  numerous  bright  granules  which  it  contains.  They  occur 
either  scattered  or  in  groups,  and  are  placed  upon  the  upper  ends  of  peculiar  ovate 
cells,  also  filled  with  a  colorless  protoplasm.  Most  frequently  there  is  a  single 
antheridium  to  the  basal  cell,  sometimes  two ;  the  latter  number  appears  never  to  be 
exceeded.  When  matured,  the  antheridia  open  and  allow  their  contents  to  escape 
in  the  form  of  roundish  or  flattened  bodies,  which  never,  as  far  as  known,  acquire 
cilia,  and  have,  therefore,  no  power  of  spontaneous  motion.  These  bodies,  which 
are  believed  to  be  sperraatozoids,  are  unprovided  with  anything  like  an  external 
membrane,  and  are  composed  of  protoplasm  identical  with  that  in  the  antheridium. 

Whilst  these  changes  are  occurring,  certain  cells  in  other  localities  are  being  trans- 
formed into  female  organs,  to  which  our  author  applies  the  name  of  Tnchogonia. 
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These  are  borne  upon  cells  similar  to  those  supporting  the  anthcridia.  At  first 
they  are  not  markedly  different  from  the  other  cells,  but  soon  undergo  a  very  rapid 
growth.  This  is  not,  however,  regular,  and  is  not  partaken  of  by  a  band  of  tissue 
about  one-third  way  from  the  basal  end,  so  that  at  last  a  long  somewhat  flask- 
shaped  cell  is  produced,  with  a  very  marked  contraction  at  the  point  indicated, 
separating  It  into  two  portions.  The  wall  of  this  cell  is  thin  but  very  distinct,  and 
the  cavity  is  filled  with  a  homogeneous  or  very  sparsely  granular  protoplasm,  which 
is  continuous  through  the  narrow  neck-like  portion.  After  a  time  there  appear 
one  or  more  large  irregular  vacuoles,  with  actively  moving  corpuscles  in  them,  and 
at  the  same  time  the  neck  appears  to  be  stopped  with  a  slimy  substance.  Careful 
examination  with  reagents  shows  that  this  is  cellulose,  and  that  it  does  not  com- 
pletely block  the  passage-way  through  the  isthmus.  At  this  time  there  appear  lying 
upon  the  free  end  of  the  trichogonia  globular  or  flattened  bodies,  without  external 
membrane,  corresponding  in  all  respects  with  those  already  described  as  being  pro- 
duced in  the  anthcridia.  The  end  of  the  trichogonium  generally  enlarges  at  this 
period  into  a  sort  of  roundish  knob,  and  by  and  by  the  end  wall  between  this  and 
one  of  these  globules  becomes  absorbed,  so  that  there  is  a  free  communication 
between  the  two.  Whilst  this  is  going  on  the  globule  acquires  a  thin,  delicate 
coat,  and  there  appears  in  it  a  vacuole  similar  to  those  preexisting  in  the  tricho- 
gonium. 

The  first  result  of  this  impregnation  of  the  trichogoniuni  is  the  deposit  of  new 
cellulose,  and  the  complete  blocking  up  of  the  passage-way  through  the  isthmus 
or  narrowed  portion.  Already  before  the  fecundation,  the  upper  cells  of  the 
branches  supporting  the  trichogonia  have  produced  numerous  branchlets,  which 
growing  upwards  more  or  less  completely  cover  that  organ.  After  impregnation 
the  cells  near  to  the  trichogonium  become  much  larger  and  broader,  their  vacuoles 
disappear,  and  are  replaced  by  a  dense  granular  dark  greenish-brown  protoplasni. 

These  cells  now  show  a  great  activity  in  the  production  of  numerous  branches 
in  the  usual  way,  but  it  is  the  upper  two  alone  which,  with  the  trichogonium  that 
they  support,  are  concerned  in  the  formation  of  the  fruit  glomerulus.  These  put 
out  aU  over  their  surface  an  immense  number  of  protrusions,  which  soon  in  the 
ordinary  way  become  the  parents  of  as  many  twigs  or  branchlets,  which  growing 
and  branching,  precisely  as  do  the  vegetative  branches,  soon  become  excessively 
crowded.  The  base  of  the  trichogonium  participates  also  in  this  production  of 
branches,  and  at  last  a  dense  ball  is  formed  of  pseudoparenchymatous  tissue  by 
the  forced  adhesion  of  the  crowded  twigs.  The  central  cells  of  the  glomerulus 
thus  formed  are  very  large  and  bladder-like.  The  outer  part  of  the  ball  is  com- 
posed of  innumerable  radiating  rows  of  small  cells,  the  end  cell  of  each  branch 
being  roundish  so  as  to  present  a  convex  external  face.  At  maturity  these 
ceUs  open  and  allow  their  contents  to  escape  as  round  masses,  which  appear  to 
have  no  membrane,  but  begin  at  once  to  grow  and  secrete  cellulose.  Their  after- 
history  has  not  been  made  out  with  absolute  certainty,  but  they  are  believed  to 
directly  develop  the  new  plant. 
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B.  monilifornie,  (Both,) 

B.  poUieare,  bi-  tripollicare,  raro  pedale,  inoco  gelatinoso  plus  miniis  firmo  involutiim,  viola- 
ceum,  fusciim,  rufo-bvunneum,  purporeum  vel  cferuleo-viridiecens,  vage  ramossissimum  ;  raom- 
lorum  articulia  ommbus  conformibus,  obiongo-subclavatis,  extremia  nonnuuquam  setigeria ; 
intemodiis  nudia  vel  ramulis  aceessoriis  singulis  sparsis  instructis. 

Diam. — Tetrasp.  globulus  ^Hn  =  -GOQ. 

Syn. — B.  moniliforme,  Rotu.     Rabenhobst,  Flora  Earop.  Algarum,  Sect.  Ill,  p.  405. 

Hab. — In  aqaia  puris,  Michigan;  Gray.  New  York ;  Bailey.  Virginia;  Jackson,  Alabama; 
Taomey.     South  Carolina  ;  (Ravenel)     Pennsylvania ;  New  Jersey ;  Wood. 

One  inch  to  a  foot  in  length,  clothed  with  a  more  or  less  firm  gelatinons  mucus,  violet,  fuscous, 
reddish-brown,  purple,  or  bluish-green,  vaguely  and  profusely  branched ;  joints  of  the 
branches  similar,  oblong-subelavatc,  the  outer  ones  sometimes  sctigerous;  interuodes  naked 
or  furnished  with  a  few  scattered  accessory  branchJets. 

liemarks. — This  species  is  very  abundant  in  fresh,  cool  rivulets,  in  springs,  in 
limestone  waters,  in  pine-barren  streams,  and  even  occasionally  in  ditches,  wherever 
I  have  botanized  in  Pennsylvania  and  Kew  Jersey,  It  varies  greatly  in  size,  in 
color,  and  other  particulars. 

The  branchlets,  as  I  have  observed  them,  are  most  generally  not  setigerous,  but 
at  times  they  are  provided  with  seta  of  moderate  length. 

I  have  found  numerous  fruiting  fronds,  but  in  none  of  them  was  the  fruit  in 
great  abundance,  not  nearly  so  much  so  as  in  the  Rocky  Mountain  species. 

B>vagiiin,  (Rotb)  Aoarph. 

B.  vage  ramossissimum,  imi-  vel  tripollicare,  fiiscum  vol  Eerugineum  ;  internodiis  inferioribiis 

ramellis  nuraerosis  obessis,  superioribus  nudis  vel  subnudis ;  ramulorum  articulia  extremis 

setis  longissimis  iustrnctis. 
Diam. — Tetrasp.  globulus  ^\^-^=.  .00333. 

Syn. — B.  vagum,  (Roth)  Aoardh,     Rabenhorst,  Flora  Europ.  Algarum,  S(;ct.  III.  p.  40*;. 
Mab. — In  aquia  quietis,  Uintah  Mountains,  Nevada;  (S.  Watson). 
Vaguely  branched,  one  to  three  inches  long,  brownish  or  airuginous ;  internodea — the  inferior 

covered  with  a  dense  mass  of  branchlets — the  superior  naked,  or  nearly  eo;  last  articles  oi 

the  branchlets  provided  with  an  extremely  long  seta. 

Memarhs. — I  have  received  from  Mr.  Sereno  Watson  some  half  a  dozen  dried 
alg^,  which  I  have  referred  to  B.  vagum,  with  some  doubt.  They  are  labelled  as 
having  grown  in  shallow  water,  in  a  beaver  pond,  in  Pack's  Canon,  Unitas,  Uintah 
Mountains,  Nevada,  at  an  altitude  of  7000  feet.  All  the  descriptions  of  B.  vagum 
which  I  have  seen  are  singularly  imperfect;  in  none  is  it  stated  how  large  the  spore 
masses  grow,  and  how  plentifully  the  branchlets  are  provided  with  seta.  As  far 
as  the  descriptions  go,  however,  my  specimens  agree  with  them,  and  I  have,  there- 
fore, refrained  from  indicating  a  new  species.  The  plants  are  remarkable  for  the 
profusion  and  extreme  length  of  the  seta,  and  for  the  quantity  of  fruit  which 
they  produce.  The  fruit  masses  are  small  but  very  compact,  scarcely  more  than 
half  the  size  of  those  of  the  preceding  species.  The  verticles  of  branchlets  are 
often  completely  joined,  and  as  it  were  almost  swallowed  up  by  the  mass  of  inter- 
vening scattered  branchlets  which  arise  directly  from  the  main  axis.     In  the  distal 
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portions  of  the  fronds,  however,  the  glomeruli  are  more  fasciculate  and  more 
distinct,  for  although  sometimes  so  close  as  to  be  almost  confluent  at  their  spread- 
ing edges,  at  their  bases  they  are  distinct.  This  species  verj'  probably  attains  a 
much  larger  size  than  indicated  by  my  specimens,  and  possibly  varies  as  much  in 
color  as  B.  moniliforme. 

Genus  TUOMEYA,  Haryet. 

"Frond  cartilaginous,  continuous,  solid,  at  first  transversely  banded,  afterwards  annularly  con- 
stricted ;  composed  of  a  longitudinal  axis,  and  two  strata  of  peripheric  cells.  Axis  columnar, 
consisting  of  several  longitudinal  cohering  filaments,  beset  with  closely  placed  whorls  of  moniliform 
ramelli,  whose  branches  anastomose  horizontally  and  vertically  into  a  cellular  peripheric  membrane, 
which  is  coated  externally  with  moniliform  filaments,  gradually  developed.  Fructification  probably 
in  the  superficial  filaments, 

T.  fluviatilis,  HARVEr. 

Sab. — On  stones,  in  rivers  and  streams.  River  in  Alabama;  Prof.  Tuomey,  Near  Fred- 
ericksburg, Virginia;  Prof.  Bailey. 

Fronds  tufted,  an  inch  or  two  in  height,  scarcely  as  thick  as  a  hog's  bristle,  much  and  irregu- 
larly branched,  bushy;  the  branches  alternate  or  secund,  scattered  or  crowded,  twice  or 
thrice  divided,  and  set  with  scattered  patent  ramuli  which  are  slightly  constricted  at  the  in- 
terstices, and  taper  to  an  obtuse  point.  When  young  the  branches  add  ramuli  are  perfectly 
cylindrical,  and  when  examined  nnder  a  low  power  of  the  microscope  show  a  surface  com- 
posed of  minute,  dotlike  cells,  placed  close  together,  and  marked  at  short  intervals  with  dark- 
colored  transverse  bands.  These  bands  disappear  under  a  higher  magnifying  power.  They 
are  indications  of  the  nodes  of  the  axis  of  the  frond  seen  through  the  peripheric  stratum. 
In  old,  fully  developed  specimens  the  branches  and  ramuli  are  annularly  constricted  at  short 
intervals,  the  nodes  becoming  swollen,  whilst  the  internodes  remain  unchanged.  When  a 
young  branch  is  bruised  between  two  pieces  of  glass  the  axis  may  be  readily  extracted.  It 
consists  of  several  parallel  longitudinal  jointed  threads  combined  together  at  closely-placed 
nodes,  from  which  issue  horizontal  dicbotomous  filaments,  composed  of  roundish  or  angular 
cells.  These  excurreut  filaments  spread  both  horizontally  and  vertically,  and  their  branches 
anastomose  into  a  cellular  mass  or  fleshy  membrane,  which  forms  the  inner  peripheric  stratum. 
In  young  plants  a  portion  of  the  frond,  between  the  axis  and  periphery,  is  hollow,  but  in 
older  ones  the  cavity  is  quite  filled  up  with  cells.  The  external  surface  of  the  cellular  peri- 
phery is  clothed  with  a  coat  of  moniliform  filaments  gradually  developed,  and  forms  what  is 
above  called  the  second  peripheric  stratum.  These  are  found  only  in  fully -grown  specimens ; 
they  consist  of  much  smaller  cells  than  those  of  the  inner  stratum ;  they  are  more  strongly 
colored,  and  I  consider  them  to  be  connected  with  fructification.  The  color  is  a  dark  olive. 
The  substance  is  brittle,  rigid  when  dry,  and  the  plant  scarcely  adheres  to  the  paper.  The 
generic  name  is  in  memory  of  the  late  Prof.  Tuomey,  of  Tuscaloosa." 

Remarks. — I  have  no  knowledge  of  this  plant,  and  have  simply  copied  the  de- 
scription of  Prof.  Harvey;  Smithsonian  Contributions,  1846. 

Family  LEMANEACE^. 

Algte  rivnlares  vel  fluviatiles.  Thallus  e  prtembryone  confervacea  enascens,  setacens,  snbsimplice 
Tel  fasciculatim  ramosus,  cavus,  nodosus,  e  cellnlarum  stratis  internis  et  corticatis  formatus,  Noduli 
plerumque  papillarum  corona  instruct/.  Polysporse  numeroste,  in  seriebns  ramoais  moniliform! baa 
fasciculatim  aggregatte,  sine  fecundatiovie  germinant€s. 
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Alg£e  growiog  in  streams  and  rivers.  Thallas  developing  from  a  confervoid  prothalloid  filament, 
setaceous,  almost  simple  or  fasciculately  branched,  hollow,  nodose,  composed  of  internal  and  corti- 
cal strata  of  cells.  Nodules  generally  provided  with  a  corona  or  papilla,  Polyspoi 
fasciculately  aggregated  in  branched  moniliform  series,  germinating  without  fecundation. 


Genus  LEMANEA,  Boet. 
Genus  unictim. 
The  only  genua. 

BemarJcs. — The  plants  belonging  to  the  genus  Lemanea  are  quite  peculiar  in 
aspect  and  habit.  They  grow  exclusively  in  fresh  water,  especially  frequenting 
streams  whose  current  is  rapid,  and  whose  waters  are  chilled  by  the  mountain  air. 
Their  frail,  tubular,  scarcely-branched  fronds  offer  but  little  resistance  to  the 
water,  whilst  their  lower  end  is  swollen  into  a  sort  of  discoid  root,  which  adheres 
firmlv  to  the  stones.  The  frond  is  mostly  blackish  or  brownish,  and  is  formed  of 
two  distinct  portions  or  layers,  of  which  the  outer  or  cortical  is  composed  of  small 
closely  cohering,  colored  cells;  the  inner  of  much  larger  cells,  which  have  thick 
colorless  walls,  and  are  placed  so  as  to  leave  more  or  less  numerous  interspaces. 
In  the  immature  frond  there  is  also  a  longitudinal  central  column,  besides  some 
slender  many-jointed  filaments,  passing  obliquely  through  the  cavity,  but  as  final 
development  takes  place  these  seem  to  disappear.  The  mature  frond  is  alternately 
contracted  and  expanded  throughout  its  length.  In  the  narrow  portions  the  inner 
tissue  often  blocks  up  the  tube  entirely,  whUst  the  dilated  parts  are  loosely  filled 
with  the  spores,  which  are  produced  within  the  frond.  The  spores  themselves  are 
oval,  thick ish-walled  cells,  whose  endochrome  changes  from  greenish  to  a  very 
decided  yellow  during  the  process  of  maturing.  They  are  joined  together  to  form 
rows  or  series,  which  are  not  simple,  but  are  very  much  branched,  so  that  from  a 
central  basal  row  arises  a  complex  bush-like  mass  (pi.  20,  fig.  4).  These  spore- 
clusters  are  always  distinct,  a  number  of  them  existing  in  each  sporangial  node  of 
the  frond. 

Dr.  B.  Wartmann  described,  nearly  twenty  years  ago,  very  fully  the  way  in 
which  the  spores  germinate  and  develop  into  the  frond.  The  first  step,  according 
to  this  authority,  consists  in  the  elongation  of  the  spore  and  the  projection  of  one 
end,  which  is  soon  cut  off  by  the  formation  of  a  transverse  partition,  and  consti- 
tutes a  new  cell.  This  multiplying  in  no  strikingly  peculiar  way  soon  develops 
into  a  branched  confervoid  filament.  A  large  number  of  these  filaments  are  gene- 
rally produced  in  one  place  at  one  time  and  form  a  very  apparent  greenish  layer. 
Finally  certain  cells  in  branches  of  these  filaments  swell  up  and  become  very  much 
broader  than  their  fellows,  undergoing,  at  the  same  time,  division  so  rapidly  that 
they  become  very  short.  By  and  by  they  divide  also  in  the  direction  of  their 
breadth,  so  that  instead  of  a  simple  series  of  cells  there  arises  a  compound  mass. 
This  is  the  beginning  of  the  new  frond.  At  first  it  is  dependent  upon  the  parent 
filament,  but  soon  acquires  a  root-like  process  at  the  base  and  develops  rapidly 
into  the  complex  cartilaginous  plant. 
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li.  torulosa,  (Rotu)  Ao. 

L.  Bubsimples,  plerumque  arcQata,  eartilaginea  et  nonniliil  rigida,  1-2  pollices  longa;  nodulis 
appro ximatis,  papillis  appianatis,  plerumque  4-6  enormiter  verticellatis,  vel  iiomiihil  sparsis, 
interdum  nonnihil  confluentibus  ;  sporis  ovalibus. 

Diam. — Sporis.  transv.  max.  Tsg^rj" — rAW'- 

Syn. — L.  torulosa  (Roth)  Aa.     Rabenhorst,  Flora:  Europ.  Algarum,  Sect.  III.  p.  411. 

Sab. — In  flumine,  Kentucky;  (Short)  Harvey.  Pennsylvania;  Virginia;  Kew  York;  New 
Jersey ;  Wood. 

Snbsimple,  mostly  arcuate,  cartilaginous  and  somewhat  rigid,  1-2  inches  long;  nodules  ap- 
proximate, with  their  papaies  applanate,  mostly  4-6,  irregularly  verticiliate  or  somewhat 
scattered,  sometimes  slightly  confluent;  spores  oval. 

Memarks. — This  plant  attains  a  length  of  about  two  inches,  and  grows  in  masses 
attached  to  rocks,  often  forming  a  sort  of  turfy  covering  to  them,  in  rapidly  run- 
ning water.  In  mass  it  has  a  grayish  or  blackish  appearance.  The  filament  has 
a  grayish  groundwork,  with  a  dark  band  at  the  position  of  the  nodes,  which  are 
enlarged  and  inclose  the  spores.  The  transverse  outline  of  the  filament  is  a  very 
irregular  circle.  I  have  found  this  species  very  abundant  in  the  rapid  water  of  the 
Schuylkill,  just  above  Flat  Rock  Tunnel,  on  the  Reading  Railroad,  eight  or  nine 
miles  above  Philadelphia.  Prof.  E.  D.  Cope  has  sent  me  specimens  collected  by 
himself  in  swift  streams  in  Western  Virginia,  and  Mr.  Austin  has  obtained  it  in 
similar  situations  in  Northern  New  Jersey.  Mr.  Austin  has  also  sent  me  specimens 
collected  in  Canada  West. 

JL.  fluTiatiliSf  Aa. 

L.  simplex  vel  parce  ramosa,  quatuor  unciaa  longa  (interdum  spithamea?),  recta  vel  suhrecta  ; 
nodulis  subremotis,  papillis  verticillatis  magnis  obssesie;  sporis  globosis  vel  subelliptieis. 

Kam.— Spot.  tA°bt("— nsVsjr"- 

Syn. — L.  fluvialilis,  Aqardh.     Rabenhorst,  Flora  Europ.  Algarum,  Sect^  III.  p.  411. 
Eab. — In  rivuUs,  Alabama ;  T.  M.  Peters. 

Simple  or  sparsely  branched,  4  inches  long  (sometimes  growing  of  a  span  length  ?),  straight  or 
nearly  so  ;  nodules  rather  distant,  papillie  verticiliate,  large,  prominent, 

Itemarhs. — The  only  specimens  I  have  seen  of  this  species  were  sent  me  by 
Prof.  Ravencl.  This  plalit  is  larger  and  heavier  than  L.  torulosa,  from  which  it  is 
also  readily  distinguished  by  its  very  large  prominent  papilla;.  These  are  in 
slightly  irregular  whorls  of  three  or  more.  The  spores  vary  in  shape  from  that 
of  a  globe  to  that  of  a  somewhat  four-sided  ellipse;  in  the  latter  case  being  some- 
times nearly  twice  as  long  as  broad.  Prof.  Rabenhorst  speaks  of  the  plant  attain- 
ing the  length  of  a  span.     I  have  never  seen  it  over  four  inches. 

L.  catenata,  Ktz. 

L.  ad  uncias  5  longa,  regulariter  eonstricta,  simplex,  compressa,  arenata,  in  massa  obscure 

violacea;  papillis  nuJlis;  sporis  enormiter  ovalibus  vel  subglobosis, 
Diam — Spor.  transv.  max  t^cW  = -'"^l"- 
Syn. — L.  catenata,  Kutzino.     Rabenhorst,  Flora  Europ.  Algarum,  Sec.  III.  p.  412. 
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Bab. — In  rivalis  frigidis  montaiiis  Diamond  Kangc,  Kocky  Mountains  ;  (Sereno  Watson). 
About  5  inches  long,  regularly  constricted,  simple,  compressed,  arcuate,  in  mass  oijscure  violet; 
papules  wanting  ;  spores  irregularly  oval  or  subglobose. 

Bemai-ka. — I  have  received  specimens  of  the  plant  from  which  the  above  diag- 
nosis was  drawn,  from  Mr.  Sereno  Watson,  labelled  "Mountain  stream,  Diamond 
Range,  altitude  6500  feet."  In  the  dried  state  they  are  closely  interwoven  into  a 
dark  purple,  rigid  thin  mass.  When  soaked  out  they  preserve  the  same  color  in 
mass,  but  each  individual  stem  has  a  general  light  yellowish,  neutral  ground  tint, 
with  dark-purplish  or  greenish-black  bands  at  regular  intervals.  At  the  position 
of  these  bands  the  filament  is  nearly  round  and  contracted,  whilst  between  them  it 
is  compressed  and  enlarged.  The  spores  are  placed,  not  at  the  swelling,  but  at 
the  constrictions,  corresponding  to  the  dark  rings  in  position.  They  are  quite 
irregular  in  shape,  and  of  a  faint  yellow  tint.  The  filaments  between  the  little 
knots  of  spores  appear  to  be  hollow.  Their  walls  are  everywhere  very  thin  when 
compared  with  L.  torulosa,  hence  they  are  more  flaccid.  The  species  agrees  in, 
every  respect  with  Prof.  Eabenhorst's  diagnosis  of  L.  catenata,  Ktz.,  a  native  of 
cold  mountain  streams  of  Germany  and  Switzerland.  I  regret,  however,  very 
greatly  that  I  have  had  no  opportunity  of  comparison  with  European  specimens,  or 
a  fuller  description. 
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The  following  species,  of  which  the  author  has  not  seen  specimens,  were  inad- 
vertently omitted  from  their  proper  places  in  tlie  monograph.  They  are  all  con- 
tained in  the  Nerei^  Boreali- Americana  of  Prof.  Harvey.  The  following  descrip- 
tions and  remarks  are  simply  copied  from  the  work  mentioned. 

Tetraspoi^  lacnnosa,  Chaxiv. 

Frond  at  first  tubular,  then  flat,  or  irregularly  lobed,  mem  bran  a«eo-gelatinous,  palo-green,  every- 
where pierced  with  roundish  holes  of  various  sizes,  Chauv.  Alg.  Norm.  Breb,  Alg.  Fal.  p. 
11,  (.  1.  Kutz.  Sp.  Alg.  p.  221.  T.  Godeyi,  De  Breb.  KiUz.  Tab.  Phyc.  I.  30,  /.  3.  T. 
perforata,  Bailey,  M.S. 

Hab. — Iq  fresh-water  streams.  Abundant  near  Westpoiut,  Prof.  Bailey;  Providence,  Rhode 
Island,  Mr.  Olney.     (v.  s.  la  Herb.  T.C.D.) 

Frond  at  first  funnel-shaped,  afterwards  splitting  open,  and  then  flat,  expanding  upwards  and 
irregnlarly  lobed,  everywhere  pierced  with  roundish  boles  of  various  sizes,  large  and  small 
intermixed.  These  holes  increase  in  size  and  numbers  with  age,  and  thus  at  last  the  frond 
becomes  an  open  network.  The  substance  is  very  gelatinous,  but  rather  firmer  than  in  some 
other  species  of  the  genus.  The  color  is  a  pale  green ;  and  the  hyaline  gelatinous  membrane 
is  filled  with  roundish  granules  set  in  fours. 

Kiitzing's  figure  of  T.  Godeyi  answers  well  to  our  plant.  I  have  not  seen  any 
authentic  specimens  of  T.  lacunosa^  which  is  referred  by  Kiitzing  to  his  T.  luhrica, 
var.  /3.,  but  the  description  given  of  it  applies  to  the  American  plant.  When  care- 
fully dried,  it  forms  a  very  pretty  object  for  the  herbarium,  (^C?tlorospermece,  p. 
61.)     (^Harvey,  p.  61.) 

niiostoc  (Hormosiphon)  arcticum,  Berk. 

Fronds  foliaceous,  variously  plaited,  green  or  brownish;  filaments  at  length  (their  gelatinous 
envelope  being  dissolved)  free.  Berk,  in  Proc.  Lin.  Soc.  fide  An.  Nat.  Hist.  2d  8er.  vol. 
10,  p.  302. 
Bab. — On  the  naked  soil,  in  boggy  ground.  AssistanceBay,  lat,  75°40'N.  pr.  Sutherland.  (v.S.) 
"Fronds  foiiaceous,  variously  plicate,  sometimes  contracted  into  a  little  ball.  Gelatinous 
envelope  at  length  effused ;  connecting  cells  at  first  solitary,  then  three  together;  threads, 
which  are  nearly  twice  as  thick  as  in  N.  commune,  breaking  up  at  the  connecting  ceils,  so  as 
to  form  new  threads,  each  terminated  with  a  single  large  cell,  the  central  cell  becoming  free." 
Berk.  I  c. 

"  It  grows,"  says  Dr.  Sutherland,  "  upon  the  soft  and  almost  boggy  slopes  around 
Assistance  Bay;  and  when  these  slopes  become  frozen  at  the  close  of  the  season, 
29      October,  1873.  /  225  ) 
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the  plant  lying  upon  the  surface  in  irregularly  plicated  masses  becomes  loosened, 
and  if  it  is  not  at  once  covered  with  snow,  which  is  not  always  the  case,  the  wind 
carries  it  about  in  all  directions.  Sometimes  it  is  blown  out  to  sea,  where  one  can 
pick  it  up  on  the  surface  of  the  ice,  over  a  depth  of  probably  one  hundred  fathoms. 
It  has  been  found  at  a  distance  of  two  miles  from  the  land,  where  the  wind  had 
carried  it.  At  this  distance  from  the  land  it  was  infested  with  Podwra,  and  1 
accounted  for  this  fact  by  presuming  that  the  insects  of  the  previous  year  had  de- 
posited their  ova  in  the  plant  upon  the  land,  where  also  the  same  species  could  be 
seen  in  myriads  upon  the  little  purling  rimlets,  at  the  side  of  which  the  Nostoc 
was  very  abundant."  At  p.  205  of  his  Journal,  Dr.  Sutherland  further  mentions 
having  tried  it  as  an  article  of  food,  and  found  it  preferable  to  the  Tripe  de  E.oche 
of  the  arctic  hunters.  Its  nutritive  qualities  are  probably  equal  to  those  of  the 
jelly  derived  from  other  Algse.     (^Chlorospermem,  p.  113.) 

IVostoc  flagellifiiriiie,  Beuk.  and  Cubt. 

Terrestria];  frond  cartilaginous,  linear,  very  narrow,  compressed  and  often  channelled,  much 
branched,  irregnlarly  dicfiotomous;  branches  sulld,  densely  filled  with  moniliform  eurved 
threads.  Berk,  and  Curt.  &'o.  3809. 
Hab. — Ou  naked  aluminous  soil,  at  San  Pedro,  Texas,  Mr.  Charles  Wright,  (v.s.) 
Fronds  several  inches  in  length,  half  a  line  ia  diameter,  lying  prostrate  on  the  surface  of  the 
soil,  much  branched  in  an  irregularly  dichotomous  manner;  branches  exactly  linear,  com- 
pressed, often  channelled  on  one  or  both  sides,  thinned  in  the  middle  and  incrassated  to  the 
edge.  Substance  firm  and  elastic,  cartilaginous,  solid,  densely  filled  with  moniliform,  curved  or 
curled,  interlaced  threads,  which  are  set  longitudinally  in  the  frond,  and  lie  nearly  parallel  to 
each  other.      Co?or  dark  olive. 

A  very  curious  and  most  distinctly  marked  species,  differing  from  others  of  this 
genus,  much  in  the  same  manner  that  ChcEtophora  ertdiviafolia  does  from  the  ordi- 
nary globose  forms  of  Cli<sto]jliora.     (^GhlorospermecB,  p.  115.) 

IVostoc  microscopicum,  Carm. 

Fronds  densely  aggregated,  very  minute,  globose  or  oblong,  immersed  in  a  blackish  crust;  fila- 
ments few,  Carm.  in  Hook.  Brit.  Fl.  3,  p.  399.  Harv.  Man.  Ed.  ],  p.  184.  N.  muscorum, 
Hass.  Br.  Fr.  Wat.  Alg.p.  292,  (.  ^i,Jig.  i. 

Hab. — "  Stones  in  a  small  stream,  Baffin's  Bay,"  Dr.  Sutherland,  _fide  Prof.  Dickie. 

I  have  not  seen  American  specimens.  In  Britain  this  species  grows  among 
mosses  on  exposed  calcareous  rocks,  but  not  in  water.  The  above  specific  charac- 
ter is  taken  from  the  British  plant.  The  fronds  are  rarely  more  than  the  tenth  of 
an  inch  in  diameter,  and  contain  two  or  three  beaded  filaments  lying  in  a  copious 
transparent  jelly.     (Chhraspermece,  p.  115.) 

Genus  Hydrueus,  Ag. 

Frond  fixed  at  base,  cylindrical  or  compressed,  elongated,  branched,  gelatinoos.  Structure: 
seriated,  but  separate,  ceyules,  filled  with  bright-green  endochrome,  inclosed  in  gelatinona  parallel 
tubes,  ranged  longitudinally  in  the  frond,  and  surrounded  by  a  common  gelatinous  envelope. 


Hosted  by 


Google 


SUPPLEMENT.  227 

Of  this  genus  several  species  have  been  described  by  authors,  all  having  a  close 
resemblance  to  each  other,  and  all  very  variable  in  ramification.  Indeed  it  is 
almost  impossible  to  fix  characters  by  -which  they  can  be  permanently  kept  apart; 
and  instead  of  adding  another  specific  name  to  the  already  too  numerous  list,  I 
prefer  to  consider  the  American  specimens  received  as  constituting  a  luxuriant 
variety  of  the  best  known  of  the  established  species.  All  previously  recorded 
species  or  varieties  of  these  plants  are  natives  of  rapid  rivers  and  streams  in 
various  parts  of  Europe.     [Ghloroaj>efViece,  p.  118.) 

Hydrurus  penicillatus,  var.  occldenfalis,  Karv. 

Frond  very  long  (1-2  feet  or  more),  much  branched;  branches  very  irregular,  scattered  or 
crowded,  wormlike,  tapering  to  a  fine  point,  naked  or  elothod  with  feathery  Tillous  ramuli ; 
celis  ellipsoidal  or  pear-shaped,  twice  aa  long  as  their  diameter. 

Hab. — On  the  rocky  bottom  of  rivers  and  streams,  in  a  strong  current.  Santa  Fe,  Xew  Me.xico, 
Mr.  Fendler,  February  to  April,  1841.     (v.s.  in  Herb.  T  C  D  ) 

Fronds  attached  at  base,  one  or  two  feet  long,  from  one  to  four  lines  in  diameter,  rery  nmeh 
and  irregularly  branched ;  branches  scattered  or  crowded,  simple  or  dnided,  a  foot  or  more 
in  length,  attenuated  to  a  fine  point,  sometimes  smooth  and  naked,  but  generally  densely 
clothed  with  slender,  villous  ramenta,  spreading  to  all  sides  The  gelatinous  tubes  or  sheaths 
in  which  the  cells  are  seriated  are  very  obvious,  and  lie  close  together  m  longitudinal,  paral- 
lel strata.  The  cells  are  of  large  size,  bright-green  color,  and  variable  shape ;  some  are  twice 
as  long  as  others. 

This  I  had  at  first  supposed  to  be  a  new  species,  but  now  regard  it  as  a  very 
gigantic  state  of  If.  penicillatus,  Ag.,  which  under  various  forms  and  of  various 
sizes  is  common  in  alpine  streams  in  Europe.  I  fear  characters  derived  from  the 
shape  and  size  of  the  cellules  are  not  more  to  be  depended  upon  than  are  those 
taken  from  the  ramification.     (^ChhrospermecB,  p.  118.) 

Draparnaldia  opposita,  Aa. 

Frond  vaguely  much  branched;  joints  of  the  main  filament  as  long  ag  broad,  or  shorter  ;  pencils 
of  ramali  mostly  opposite,  densely  set,  lanceolate-acnminatein  outline,  plumose,  bi-tripinnate, 
the  apices  much  attenuated.  Ag.  Syst.p.  59.  Kiitz.  Sp.  Alg.  351.  Lyngh.  Eyd.  Dan.  tab. 
^b,fig.  A.  Batrachosj)ermum  Americanum,  Sckweinitz. 
Hab. — In  clear  streams.  New  York,  Professor  Bailey.  New  Jersey,  Mr.  Jackson,  (v.s.) 
Frond  2-3  inches  long,  gelatinous,  capillary,  irregularly  much  branched ;  the  branches  patent, 
lateral,  more  or  less  divided,  and  set  with  lesser  ramuli.  Main  filaments  with  short  articula- 
tions, as  long  as  their  breadth,  or  shorter,  transversely  banded.  At  every  two  or  three  nodes 
and  sometimes  at  every  node  a  pair  of  opposite  penicillato-multifid  ramuli  are  thrown  off. 
These  are  bright  green,  ovato-lanceolate  in  outline,  much  acuminated  and  twice  or  thrice  pin- 
nate, their  pinnules  somewhat  constricted  at  the  nodes,  and  tapering  at  the  apex  into  long, 
needle-Iike,  hyaline  points.     Their  cells  are  commonly  nucleated  and  filled  with  endochrome. 

Whether  tiiis  be  permanently  distinguishable  from  D.  glomerata  is  doubtful.  It 
has  externally  the  aspect  of  that  species,  but  its  microscopic  characters  are  nearer 
those  of  D.  phimosa. 
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Class  PHYCOCHROMOPHyCB^. 
Order  CYSTIPHOR^. 

Family  CHROOCOCCACE^. 
Cbioococcus 

refractns,  Wood.  Hub.  near  Philadelpliia. 

multicoloratus,  Wood  Hob.  near  Philadelphia. 

thermophilus,  Wood,         Hub.  Kenton  Springs,  Owen 

Co.,  California. 

Gloeocapsa 

aparaa,  Wood, 

CEeloBphfertuin 


Meilomopedia 
nova,  Wood, 
oonvoluta,  Brib. 


Hab.  near  Philadelpliia. 
llab.  Spring  Mills,  Montgomery 


Order  NEMATOGENE^E. 

Family  OSCILLARIACEjE. 


chlorina,  Ktz. 

Hab.  near  Philadelphia. 

coriam,  Ag. 

Hab.  New  York. 

decortirana,  Ge 

er.               Hab.  Northern  U.  Stales. 

.  Frohlichii,  Klz 

Hah.    Sehnylkill    River,    near 

imperater,  Woo 

d.                    Bah.  near  Philadelphia. 

limosa,  Ag. 

Hah.  near  Camden,  New  Jersey. 

mnacorum,  A3. 

Bab.  Weal  Point,  New  York. 

neglecta,  Wood. 

Hah.  near  Philadelphia. 

nigra,  Vauck. 

Hab.  New  York ;  Philadelphia. 

tennis,  Ag. 

Hab,    Rhode    Island;    New    York; 

Virginia. 

tennissima,  Ag 

Hab.  Warm  Springs  ol  WaahiU. 

CbtlionoblaBtiu 

repena,  Kit, 

Hab.  New  York.;   Masaachnaetts ; 

Kliode  Island. 

tyngbya 

hiooior,  Wood. 

Hab.  Sehnylkill  River,  near  Phila- 

delphia. 

mnralis,  Ag. 

Hah,   Whale   Fish   lafendfl,   Davis 

Straita,  British  Ainerica. 


Family  NOSTOCHACEJE. 
Suh-Family  Nostoce^. 


ui),  Wood.  Bab.  New  Jersey, 

iim,  Ktz.         Bab.  Alleghany  Mountains ;  Cli 
Mta.,  Nevada ;  Baffin's  Bay,  British  America. 


caloicola,  Ag. 
oalidarinm.  Wood. 

GEemleum,  Lyn. 
Cesatii,  Bah. 
oommintttum,  Klz. 

depressnra.  Wood. 
pnnotatum,  Wood, 
pruni forme,  Agk. 
verrncoanm,  Vauch. 
sphsrionm,  ra,ick. 


Bab.  Catoosa  Springa,  Geoi^ia. 

Hah.   Benton   Springs,   Owen 

Co.,  California. 

Hab.  New  Jersey. 

Hab,  Kan 51 

Hah,  near  Fhiladelphi 

Bab.  New  Jersey ;  Bio  Bravo. 

Hab.  New  jersey. 

Bab,  New  Jersey. 

Hab.  New  Jersey. 

Hab.  Maine. 

Hab.  Centre  Co,,  Pennsjlv 


Suh-Family  Spebhosibg^. 
Anabsenii 

gelatinosa.  Wood.  Hab.  near  Philadelpliia. 

gigantea,  Wood.  Bab.  near  Philadelphia. 

flos-aqnsB,  Klz.         Hab.  Ronnd   Pond,  West   Point, 

K=w  York. 


Cyllndrosperniiiiii 

comatnm,  Wood, 


maoroapermum,  Klz. 
m  inn  turn,  Wood. 


Bah.  Niagara,  Canada. 

Hah.  near  Philadelphia. 

Hab.  South  Carolina. 

Bab.  near  Philadelphia. 


D  ollohospeimam 

polyspermum,  ff(i.  Bob.  near  Philadelphia, 

aubrigidnm,  Wood.  Bab.  New  Jeraey. 

Family  RrVULARIACE.ffl. 
NostochopEds 

lobatns,  Wood.         Bab.  SchaylkiU  River,  near  Phila- 
delphia. 
OlofotricUa 

anguloaa,  Roth.        Bab.   Hudson   River,  near  West 
Point. 

(229  ) 
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Glolotrtcbla 

Sltoaiphon 

ineruBtata,  Wood.          Hab.   Schuylkill   River  near 

guttala.  Wood. 

Hab.  South  Carolina. 

Philadelphia. 

lignioola,  Wood. 

Hab.  SoulL  Carolina. 

Rlvnlaria 

cartilaginaa,  Wood.               Hah.  Northern  MicLigas. 

naglectuB,  Wood. 
pellucidulns,  Wood. 

Hab.  New  Jersey. 
Bab.  near  Hiberaia,  Florida. 

Zonotrlchia 

minutula,  Wood.          Hab.  Cleat  Pond,  Adirondaoi 

soy tenemato  ides.  Wood 

Hab.  Northern  New  Jersey. 
Slab.  South  Carolina. 

Mountains, 
mollis,  Wood.         nab.  Cave  of  the  Winds,  Niagara. 

Stisonema 

Rnvenellii,  Berkeley. 

Ilab.   Lookout  Mountains, 

paroezonata,  Wood.         Uah.    Cave    of   the    Winds, 

Georgia. 

Dasyactia 

mollis,  Wood.        Hab.  Cass  River,  Northern  Michigan. 

Mastlgonema 

elongatnm,  Wood.  Hah.  Philadelphia, 

fertile,  Wood.  Hab.  Alleghany  Mountains,  Centre 

Co.,  Pennsylvania. 

haloa,  Wood.  Hah.  Stonington,  Conneotiont. 

sejunttum,  Wood.         Hab.    Cass    River,    Northern 

Hioblgan. 

Mastlgothrix 

fiLirosa,  Wood.  Hab.  near  Philadelphia. 

Family  SCYTONEMACE.^. 
Scytonema 

Austinii,  Wood.  Hab.  Little  Falls,  New  Jersey, 

calotrichoides,  Kiz.  Hab.  South  Carolina, 

cataraota,  Wood.  Hab.  Niagara  River,  Niagara, 

cortex,  Wood.  Hab.  South  Carolina, 

dubinm,  Wood.        Hab.  Cumberland  Co.,  New  Jersey. 
I,  Wood.  Hah.  Cumberland  Co.,  New 

I,  Ay.         Hab.  West  of  Crow's  Neck,  West 

Point. 

Hab.  near  Bellofonte,  Centre  Co., 

Pennsylvania. 

Hah.  South  Carolina. 

Hab.  Aiken,  South  Carolina. 

Hab.  South  Carolina. 


Myoehroua,  A 
Nffigelii,  Klz. 


Ravenellii,  Wood. 
simplioe,  Wood. 
tliermale. 


Toljpothxix 

distorts,  Mai.  Hab.  near  Philadelphia;  West 

Point,  N.Y.;  Rhode  Island; 
Madison,  Wisconsin. 

Family  SIROSIPHONACE^. 
SiiCBipbon 

acervataa,  Wood,  Hah.  South  Carolina, 

argillaceus.  Wood.  Hab.  South  Carolina, 

oompaetus,  Ag.         Hab.  Salem,  Massachusetts ;  New 

Cramerl,  Br.  Hab.  Mount  Tahawus,  Adirondack 

Mountains. 


Class  CHLOROPHYLLACE.ffl, 
Order  COCCOPIIYCEJi; 

Family  PALMELLACEiE. 
PleurococcuB 

pulveretts.  Wood.         Hab.  Boiling  Springs,  near  Balle- 

fonte.  Centre  Co.,  Pennsylvania. 

seriatus,  Wood,  Hah.  New  Jersey, 


Hab.  near  Philadelphia. 
b.   From  Rhode  Island  to 


dura,  Wood. 
hyalina,  iyn. 


Fagerogalla 

stellio,  Wood. 


Tetraapora 

bullosa,  Roth. 
gelatinosa,  Roth. 


Dictyospbeerlum 

pulchellum,  Wood. 

Rhaphldlnm 

falcatum. 
polymorph  um,  Fr. 


Hab.  Salem,  North  Carolina. 

Hab.  Salem,  North  Carolina  ; 

Newblirgh,  New  York. 

Hab.  Northern  Atlantic  States, 


r  Philadelphia, 
r  Philadelphia. 


Family  PROTOCOCCACE^. 
Folyedrlnm 

enorme,  Ralfi.  Bab.  Flori< 

Scene  deamos 

acalas,  Mei/en.  Hah.  Rhode  Island ;   near  Phi 

delpb 
obtusus,  Megen.  Hab.  Georgia;  Rhode  Island, 

polymorphus,  Wood.  Hah.  near  Fhiladelphi 

qnadricaoda,  Turp.  Hab.  Rhode  Island ;  Pen 


rotund alutJ,  Wood, 


Hab.  1 


r  Fhiladelphi 
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Hydro  dictyon 

utrioulatum,  Both. 


Fedtastrum 

Borj'anum,  Tur, 


Hah.  West  Point  and  Wee- 
hawken,  New  York  ;  Mesi- 
ean  Boundary;  Pennsyl- 
Tania ;  New  Jersey. 


coDStrictum,  Hassall. 


Hab.    Rhode   Island;    Pennsyl- 
vania; Geoi^ia ;  Florida. 
Bab.  Sonth  Carolina; 
Georgia ;  Rhode  Island, 
dnodenarius,         Hab.  South  Carolina ;  Rhode  Island. 
Ehrenbergii,  Corrf«.         Hob.  Rhode    Island;    South 
Carolina ;  Georgia ;   Florida, 
pertwsnm,  Ktz.  Hab.  Rhode  Island. 

Selensea,  Ktz.  Hab.  Rhode  Island. 

Family  VOLVOCINE^. 
Chlamydococcna 

nivalis.  Hab.  Greenland  ;  Rocky  Mountains. 

Volvox 

globator,  Lina. 


Hab.  United  States. 


Oeder  ZYGOPHYCE^. 

Family  DESMIDIACEiE. 


Falmoglcea 

clepsydra,  Wood. 

Peninm 

Bl-iJbiSSOiiii,  Men. 
clost^rioides,  Ral/s. 


Sab.  Soutli  Carolina 
Hab.  South  Carolina 


Hub.  Peunsylva 


Digitus,  Ehrb. 
intermptum,  Br^b.       Hab. 


New  York : 

Georgia. 

irGrahameville,  South 

Carolina. 

Jenreri,  Rtilfs.  Hab.  Florida, 

lamellosnni,  Bteh.  Hab.  Rhode  Island, 

uiargaritaoeum,  Ehrb,  Hab.  Rhode  Island, 

minntnm,  C/eve.         Hab.  Rhode  Island;  South  Caro- 
lina ;  Georgia. 


Hab.  South  Carolina  ;  Geori 

Florida. 
Hab.  West  Point,  New  York; 
Pi  evidence,  Rhode  Island. 
Hub.  Rhode  Island  ;  New  Hamp- 
shire; Pennsylvania 
Hab.   Northumherland   Co. 
Pennsylvania 
■    Hab.  New  York, 
Hab.  Georgia;  Florida;  Pennsyl- 
vania; Rhode  Island, 
7/06.  Philadelphi 
Hub.  Rhode  Islan 
Rab.  Saco  Lake,  New  Hampshir 
South  Carol  in 


Jlmblyonema,  Ehrb. 

angnstatum,  Kli. 

areolatum,  Wood. 

Cucumis,  Ehrb. 
Dians,  Elirb. 

EhrmiliHrgii,  Mrn. 
Jeunerii,  Ralfs, 
juncidnm,  Ralfs. 


lineatum,  Ehrb, 
Lunula,  Miiller. 


moni  life  rum,  Bory. 
parvulum,  N<ei}. 
rostratum,  Ehrb. 
1,  Ehrb. 


striolatum,  Ehrb. 
Venus,  Kl!. 

Tetmemorna 

Brebissonii,  Men. 
giganteus,  Wood. 
granulatUB,  Bre'b, 

levis,  Ktz. 

PleuTotEenimn 

Baculum,  Brrt. 
breve.  Wood. 
clavatum,  Klz. 
oonstrictuni,  Bailey. 
crenulatum,  Ehrb. 


hirsulum,  Bailey. 
nodosum,  Bailey. 


Trabeoula,  Ehb. 


undulatum,  Baihy. 
verrueosnm,  Baik'j. 

Triplooeras 

graeile,  Bailey. 


Hb   ?        yl 
H  b   S     OiC      I  Fl      1 

G      b        1         yl 
HIP        yl 
H  b   G      s        Rl    1    I  1  nd 
H  b  1 1  1   i  Ipl  1 

H  b  Ph  1  d  Ipl 

-ff  i   St        gt       C 

Providence,  Rhode  Island ; 

PeunBylvania  ;      Georgia ; 

Florida. 

Hab.  Centre  Co.,  Pennsylvania. 

Hab.  South  Carolina. 


Hab.  Atlantic  States. 
Hab.  Centre  Co.,  Pennsylvania. 
Mab.  Rhode  Island  ;  Pennsyl- 
vania; So  nth  Carolina. 
Hab.  near  Philadelphia. 

Hab.  Georgia. 
Hab.  District  of  Columbi 
Hab.  South  Carolina ;  Georgia. 
Hab.  Rhode  Island, 
Hab.  Rhode  Island ;  New  Jer- 
sey;  Pennsylvania;  Sonth 
Carolina ;  Georgia ;  Florida. 
Hab.  Florida. 
Hab.  United  States. 
Hab.  Sonth  Carolina  ;  Georgia 
Florida;  Fenusylvaaia. 
Hab.  Pennsylvania  ;  New  Jer 
sey ;  South  Carolina  ] 
Georgia  ;  Florida. 

Hab.  Florida. 
Hab.  Rhode  Island, 


Hab.  Rhode  Island ;  New  Jersey ; 
New  Hampshire  ;  Florida ;  Georgia. 


verticillatum,  Bailey. 

Spiro  taenia 

bryophila,  Breb. 
condensata,  Brib. 


Hab.  with  the  last. 


Hab.  near  Philadelj.hia. 

Hab.  Pennsylvania;    Rhode 

Island ;  Florida. 


Bairbnsina 

Brebissonii,  Ktz.  Hab.  Florida ;  Georgia ;  South 

Carolina;  Rhode  Island. 
DIdymopriam 

Grevillii,  Kiz.  Hab.  Pennsylvania;  South  Caro- 

lina ;  Georgia. 
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pulohrUB),  Baileij. 


Ilab.    Eliode   Island ;    Soath 

Caroliua;  0«orgia;  Florida. 

JIah.  New  York;  New  Jersey. 

Sab.  Soutli  Carolina ;  Geoi^ia  ; 

Florida. 


Hyalotlieca 

disiUieoa,  Smith. 

mucosa,  Mfrt. 
Deamidiuin 

aptogoniani,Br^6. 
qnadrangnlatam,  Klz. 
Swart zii,  Aa. 


,  Ell  ode   Island;   Pennayl- 

a ;  Soath  Carolina ;  Florida. 

Sab.  RLode  Island. 


Sab.  Sonth  Carolina ;  Georgia. 
Suh.  South  Carolina. 
Sab.  Atlantic  States. 


Aptogonlum 

Baileyi,£u'/s. 

CoBmaiium 

anwcnuni,  Br^b. 
Tiiocnlatum,  Br^b, 
Botrytis,  Bonj. 
Br^biBSonii,  Man. 


Sab.  Sliode  Island  ;  New  Jersey. 


Broomei,  Thw. 
CEclatum,  Ral/s. 

commisBurale,  Bri^b, 

oonnatnm,  Brib. 
crenatum,  BjiI/s. 


depressnui,  Bailey. 
margaritifemiu,  Turp. 

Meneghenii,  Br^b. 
omatum,  Ra'fs. 
ovale,  Ral/s. 
pjramidalnm,  Breh 

Quimbjii,  Wood, 
Bublobatum,  BrSb, 

Buborbiculare,  Wood. 

tetropthalmum,  Kts. 
Tliwataaii,  Ralfs. 
undulatum,  Cor  da. 


EaaBtrum. 

binale,  Turp.       Sab. 

circulare,  Hassal. 
craaanm,  Br^b. 
Didelta,  Turp. 

elegana,  Br^b, 
gemmatum,  Dr^b. 
insigne,  Ralfs. 
mnltilobatnm,  Wood. 

oblongnm,  GrevilU. 
oruatum,  Wood. 
Baifaii,  Rabenh. 


Sob.  Florida  ;  Eliode  island. 

Ilab.  Eliodo  laland. 

Sab.  Peniisjlvi 

Hab.  White  Mountains,  New 

Hampahire. 
Sab.  Ponnsjlvaiiia ;  Gcoigia 
Hab.  near  Albany,  New  York 
South  Carolina. 
Sah.  White  Mountains,  New 
Hampshire. 
Sab.  Florida. 
Sab.  Rhode  Island. 
Corda.        Sa.b.  New  Hampshire ;  Pennsyl- 
vania;     South    Carolina; 
Georgia;  Florida. 

Hab.  Florida. 

Sab.  Pennsylvania ;  South 

Carolina;  Florida;  Mexico. 

Sab.  Pennsylvania. 

Hab.  Klicde  Island, 

Hah.  Pennsylvania. 

Sab.  Peiinsylvanla ;  Qeorgia ; 

Florida. 

Sab.  near  Philadelph 

Sab.  Rhode  Island ;  Georgia ; 

Florida. 

Sab.  Lake  Saco,  New  Hamp- 

Sab.  New  Jersey. 

Sab.  Florida. 

Sab.  Rhode  Island ;  South 

Carolina. 


Mlcrasteiias 

Americana,  Elirb. 
arcnata,  Baih/,. 
Baileyi,  Ra!fs. 

dentioulata,  BrSh. 
disputata,  Wood. 
expanaa,  Bailey. 
llmbriata,  Ral/s. 
foliaeea,  Bailey. 
furcata,  Ag. 
grannlata,  Wood. 
Jennpri,  Ralfs. 
osoitans,  Ralfs. 
papillifera,  Bfl!b. 
pinnatifida,  Klx. 
qnadrata,  Baihy. 
tadiosa,  Ag. 
ringens,  Bailey. 
Torreyi,  Bailoj. 
1,  Corda. 


'lorid      P        yl       i      Ehode 

Island. 

i;  '    Ph  d    laland. 

S  b   \J    XA  States. 

ab.  S  ntl    C      1  C  orgia ; 

Punn  yl  Rh  d    Island. 

Sab.  United  States. 

Sab.  Rhode  laland. 

Hab,  Florida ;  Rhode  Island, 

Sab.  Saco  Lake,  New  Hamp- 

Sab.  Rhode  Island. 
^06.  Saoo  Lake,  New  Hampshire. 
Hab.  South  Carolina ;  New  Hamp- 
shire; Rhode  Island. 
Hab.  Rhode  Island;  South 
Carolina ;  Georgia ;  Florida. 

Bab.  Florida  ;  Sonlli  Carolina. 

Hab.  Florida. 

Hab.  New  York;  Rhode  Island; 

South  Carolina ;  Florida. 

Hab.  Pennsylvania ;  Florida. 

Hab.  Atlantic  States. 

Hab.  Florida. 

Hah.  South  Carolina  ;  Florida. 

iTai.Worden's  Pond,  Ehode  Island. 

Hah.  Atlantic  States. 

Hah.  South  Carolina. 

Hab.  neat  Philadelphia. 

^ab.  Florida;  Ehode  Island. 

i7»6.  Florida;  Rhode  Island. 

Uab. 

Hub.  Florida. 

Hub.  Florida. 

liab.  Florida. 

Hah.  near  Princeton,  New  Jersey. 

Uab.  Atlantic  States. 


StEmraBtmm 

altemans,  Br^b. 


Etiaatriim 

affine,  Ralfa. 
ampullacenm,  Ralfs. 


Sab.  South  Carolina;  Georgia. 
Hab.  South  Carolina ;  Florida. 


arachne,  Ralfs. 
aristifernm,  Ralfs 
Cerberus,  Bailey. 
1,  BaiUy. 


lab.  Georgia  ;  Florida  ;  Rhode 

■b.  Saco  Lake,  New  Hauipshire. 
Sab.  Georgia ;  Rhode  island. 
Hab.  Florida. 
Hab.  Rhode  laland. 
cyrtooerum,uor.,  Br^h.  Hab.  Florida, 

dejeotum,  Brtfb.  Hab.  New  York ;  South  Caro- 

lina, 
dilatatum,  Ekrb.         Hab.  Sonthfim  Atiantio  States, 
pustephannm,  Ralfs.        Hab,  West  Point,  New  York, 
fnrcigernm,  £)-^i.         ifnJ.  South  Carolina;  Florida; 
Rhode  Island. 
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Btanraetrum 

gracile,  Ri:lfs.  Ha 

hi  rs  a  turn,  Elirb. 
Hystrix,  Raifs. 
Lewisii,  Wood.         Ih 
lougispiuum,  Arch, 
margaritaoeum,  Ekih, 

Wood. 


ocbicnlare,  Ehh, 

paradoxum,  Mey. 

polymorphum. 
polytrlcliom,  Per, 
pviactulatuin,  Brih. 
Eavenallii,  Wood. 
Benarium,  Ehrb. 
tricDine,  Men. 


I.    South   Carolina;    Georgia; 
Florida;  New  York;  Hlioda 

Ilab.  Florida;  Rhode  Island. 

Hab.  Rhode  Island. 

;.  Saco  Lake,  Hew  Hampshire. 

Hab.  Florida. 

Hub.  Saeo  Lake,  New 

Hampshire. 

Ilab.  Saco  Lake,  New 

Hampshire. 

Hah.  South  Carolina;  Rliode 

Islan.i. 

Hub.  Eliode  Island; 

Peuusjlv, 

Hab.  Saco  Lake,  New 

H  amps]  I  in 

Hab.  Floi-idi 

Hab.  near  Pliiladelphii 

Huh.  Feiiasylvanij 

Hab.  South  Carolina. 

Bab.  America. 

Hib.  Georgia;  Florida;  Rhode 

Islaud. 


maJQBOula,  Klz. 

Hab. 

lear  Philadelphia. 

nitida,  Dill. 

Hab. 

near  Philadelphia. 

protect  a,  Wood. 

Ucib. 

near  Philadelphia. 

parvispora,  Wood. 

Hab. 

Hlbetiiia,  Florida. 

pulcholla,  Wood. 

Hab. 

lear  Philadelphia. 

quinina,  A  if. 

Hah. 

lear  Philadelphia. 

rivularis,  Hiiiisail. 

Hab.  Florida. 

setiformis,  Rolh. 

Hob. 

lear  Philadolpliia. 

Webeii,  Ktz. 

Hab. 

near  Philadelphia. 

Zygnema 

insigne,  Hassid. 

Hab.  Rhode  Island ;  near  Phila- 

delphia. 

oruciatum,r««.S. 

Hab 

Virginia;  Florida; 
Northern  States. 

MeBocarpus 

Ecalaris,  Hassall. 
parvulns,  Hassolt. 

PleuTocaipuft 

nirabilis,  Uraun. 


Xanthtdlnm 


Ura,  EM. 
)ii,  Ehrb. 
m,  Dr^b. 


i,  Ehrb. 
iristatum,  Br^h. 


fascieulatnm,  Ehrh. 


ArthrodeamuB 

con V organs,  Ehib. 


ootooomis,  Elirb. 
quadridens,  Wood. 


Hib.  near  Savaimali,  Georgia, 

Jltih.  Korth  America. 

i/uJ.  South  Carolina;  Florida; 

New  Hampshire. 

Hab.  America. 

Hab.  Southern  Atlantic  States. 

Hab.  America. 

Hab.  South  Carolina; 

Georgia;  Florida;  Rhode  Island. 

i7u6.  South  Carolina;  Georgia; 

Florida;  Rhofle  Islaud. 

Hab.  Georgia;  Florida;  South 

Caivlina;  Rhode  Island. 

Hab.  Florida;  Khode  Islaud. 

Hab.  Lake  Saco,  New 

Hampsh 


Hab.  near  Pliiladelphii 


w  York  ;  Rhode  lalanil ; 
Michigan;  Wisconsiu. 


Order  SIPIIOPIIYCE^. 
Family  lIYDROGASTREiE. 


Hyarogastntra 

grauulatum,  Li 


Family  ZYGNEMACEJE, 
Splrogyra 

oiassa,  Kts.  Hab.  m 

deoimina,  Mul.  Hab.  m 

dilnta,  Wood.  Hab.  m 

dubia,  Kim.  Hab.  n 

alongata,  Bcrh.  Hab.  ni 

iuaignis,  7/oa.  Hah.  e 
longata,  Vaucli. 


Hab,  DoLawaie. 

Family  VA [JCHEmACE,E. 
Vaucheiia 

aveisa,  HismU.  Hab.  near  Philadelphia, 

geminata,  Vauch.  Hab.  near  Philadelphia, 

polymorpha,  Hood.  Hab.  Texas, 

sessilis,  Vatich.  Hab.  New  York;  Maine;  Vir- 

ginia; North  Carolina. 
Teluliua,  Ag.        Hab.  New  Yoi-k ;  Maine ;  Virginia ; 
North  Carolina. 

OiiBER  NEMATOPHYCK^. 
Family  ULVACEiE. 


October,  1872, 


Hab.  near  Philadelphia 
Hab.  near  Philadelphia 
Hab.  near  Philadelphia 
Hab.  near  Philadelphia 
Hat.  near  Philadelpliij 
Hah.  near  Philadelphis 
Ha^.  Khode  Island;  near  Phil? 
delphii 


Pro  to  derma 
viride,  A'(s. 


Hab.  Pliiladelphi; 


iriva 

tQei'ismopedioidBS,  Wood.  Hab.  Diamond 

Range,  Rocky  Moantains. 
BnteTomorpha 

JuteslinaliB,  Lian.  Hah.  Hudson  River ;  Karra- 

gansett  Bay. 
Schlzomeria 

Lcibleinii,  Kti.  Hab.  near  Philadelphia. 
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Family  CONEERVACtiE. 
Conferva, 

Bab.  United  Statra. 
Cladophora 

liraoliysteleulja,  E'lb.  Ilab.  near  Philadelphia. 

fraota,  Dill.  Hub.  Ptninaylvania ;  Nbw  York  ; 

Rhode  Island. 

Ilab.  Lalies  Ontario,  Erie, 

Huron,  and  Michigan. 


Hub.  uear  Philadulpliii 


rata,  Linn. 


LIST     OV     SPECIES. 

I  Drapemaldia 

pluinosa.  VMiah. 
Cbsetophora 

elegans,  R'Ah.  Hub.  Eastern  United  States. 

eiidiviffifolia,  Roth.  Hub.  llhode  Island;  South 

Carolina. 

diliita,  Wood.        Hab.  Centre  Couiitv,  Peniiajlrania. 

Coleoch^Ce. 


Family  (EDOGONlACEyE. 
Androgynia 

eoliinata,  Wood. 

Huotil,  Wood. 

mirabHis,  Wood. 

maltispora,  ^Vood. 
Fiingaheimla 

insqualis.   Wood. 


IM,.  Florida. 
Jlab.  near  Philadelphia. 
Ilab.  near  Philadelphia. 
Hub.  near  Philadelphia. 


Bnlbocbaste 

Canbyii,  Wood. 


Ilab.  near  Philadelphia 

Hub.  Bihemia,  Florida 
Hab.  near  Philadelphia 
Hnh.  near  Philadelphia 


ignota.  Wood. 

Family  CIIROOLEPIDE^G. 
ChroolepuB 

anieuin,  /Oz.  Hub.  New  York  ;   New  Jersey  : 

Tesas. 

Bnlbotiichia 

albida,  Wood.  Ilab.  Northern  New  Jersey. 

Family  CH^TOI'IIORACE,^. 
Stigeoclonium. 

Ilab.  Eastern  United  Slates. 
Drapamaldia 

liillin^=ii,  Waod.  Hab.  near  Philadelphia, 

glomerata,  Vauch.  Hab.  Rhode  Island, 

masima,  ™r.,  Wood.  Hab.  near  Philadelphia. 


Aphanocliste 


Hab.  Eastern  United  Stales 
Hab.  near  Philadelpliia 


Class  BHODOPHYCEJE. 

■  Family  PORPHYRACE^. 


IM,.  NeiT  York. 
Hab.  Texas. 


Porphrydium 
ernentam,  Ag. 
maEnifieum,  Wood. 

Family  CHANTRAKSIACE^. 
Chant  Tansia 

expaasa,  llnorf.  Hab.  near  Philadelphia. 

Hiaorospora,  Wood.  Hab.  South  Carolina. 

Family  BATRACHOSPEGMACE^. 
Batractaoapermnm 

moniUforme,  Rolh,  Ilab.  Eastern  United  SlatE'S. 

Tagum,  Rolh.  Hub.  Uintah  Mountains,  Nevada. 

Tuomeya 

aiiviatilia,  II,m:  Hub.  Alabama;  Vir-iiiiii. 

Family  LEMANEACEiE. 
Lemanea 

catenata,  Ktz.  Hab.  Diamond  Range,  Bocky 

Mountains, 
fluviatilia,  Ag.  ■  Hab.  Alabama, 

torulosa,  Rolli.        IM.  Virginia  ;  Kontnoky  :  Penn- 
sylvania ;   Neiv  JiTSey. 


Hosted  by 


Google 
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Flats  Vlil.,  for  um  in  the  terminatioDa  of  the  speciGo  name  of 

and  4,  read  us. 
Plate  IX,,  %.  3,  for  argiilacea  read  argillaceus. 
Plate  X.,  fig.  4,  for  BolryocoecM  pulclietlas  read  DIcigosphierivm 
Plate  SI.,  fig.  5,  6,  and  T,  for  Cosoiarium  read  ClosteTixim. 
Plate  XII.,  fig.  1  and  20,  for  Cosmanam  read  Closteriam. 
Plate  XV.,  fig.  8,  for  I'nsipnis  read  insigne. 
Plate  XVI.,  fig.  4,  for  Bulbotricha  read  Balbotrickia. 
Plate  XVIII.,  fig.  1,  for  Pringsheimii  read  Priagskeimia. 
Plate  XXI.,  fig.  7,  for  tetraoplhalmara  re.i^  telroplhalmum. 
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EXPLANATION   OF   PLATES. 


PLATE    I. 


Fig.  1.     'A  single  filament  of  Oscillatoria  chlorina,  Kiitzing,  magnified  750  diameters. 
Pig.  3.     The  end  of  a  filament  of  an  Oscillatoria  supposed  to  be  identical  with  0.  Frohlichii 
Kiitzing. 

Pig.  3.     O.  nigra,  Vaucher. 

Fig.  3  a.  Represents  a  portion  of  a  mat  or  mass  of  Oscillatoria  nigra,  Vaucher ;  there  is  too 
much  green  in  the  color. 

Fig.  3  b.  Represents  several  filaments  separated  from  the  edge  of  tjie  mass  and  slightly  magni- 
fied. 

Fig.  3  c.     A  portion  of  a  filament. 

Fig.  S  d.  A  portion  of  another  filament  still  more  highly  magnified.  Tlie  color  in  3  c  is  more 
natural  than  that  of  3  d. 

Fig.  4.  A  portion  of  a  filament  of  0.  limosa,  Agardh,  magnified  1250  diameters.  The  articles  in 
this  filament  are  more  distinctly  separated  than  natural. 

Fig.  5.     O.  neglecla,  "Wood. 

Fig.  5  a.     An  outline  view  of  a  filament,  magnified  450  diameters. 

Pig.  5  6.     A  full  figure  of  the  same,  magnified  500  diameters. 

Fig.  6      0.  imperalor,  Wood. 

Fig.  6  a.  Represents  the  end  of  a  filament,  magnifled  250  diameters.  In  the  centre  of  the  plate 
is  a  fragment  (marked  simply  fig.  b.),  out  of  which  the  endochrome  has  been  partially  squeezed  to 
show  the  markings  of  the  sheath  at  the  joints. 

Fig.  1.    Lyngbya  bicolor.  Wood.     Pig  1  represents  a  moderately  magnified  portion  of  a  filament. 

Fig.  a  (near  to  fig.  8)  represents  a  portion  of  an  ordinary  filament  very  slightly  magnified. 

Fig.  1c.     A  portion  of  a  filament  containing  a  heterocyst,  magnified  800  diameters. 

Pig.  Id.  A  broken  end  of  a  filament  showing  the  sheath  extending  beyond  the  endochrome, 
magnified  800  diameters. 

Fig.  8.  A  variety(?)  of  Lyngbya  bu-olor,  Wood,  from  the  Schuylkill  River,  magnified  200  dia- 
meters. 

Fig.  9,     Cosmarium  Quimbijii,  Wood.     The  bands  between  the  cells  are  too  heavy  and  prominent. 

PLATE    II. 

Figs.  1  6  and  1  c.  Different  stages  of  germination  of  the  spore  of  a  Gylindrospermum  of  unknown 
species,  magnified  respeetiveiy  800  and  1200  diameters. 

Fig.  1  a.  A  chain  of  spores,  believed  to  belong  to  the  same  species;  one  of  these  spores  has 
commenced  to  germinate. 

Fig.  2.     A  portion  of  the  upper  snrf^e  of  a  frond  of  Noatoc  calidariuni,  Wood. 

(253) 
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254  EXPLANATION   OF   THE   PLATES. 

Pig.  2  6.     A  "first form"  filament  of  tlie  same  species. 

Fig.  2  a.     A  filament  from  an  old  frond  of  the  same  plant. 

Pig.  3  c.  Fragments  of  tissue  from  the  upper  surface  of  a  mature,  actively  growing  plant  of  the 
same  species. 

Pig.  3.     A  filament  of  Nosloo  comminuCum,  Ktz.,  magnified  800  diameters. 

Fig.  4.  A  filament  of  Anabeena  gelatinosa,  Wood,  magnified  750  diameters,  showing  tlie  large 
globular  body  at  the  end,  supposed  to  be  a  spore. 

Fig.  5,     A  filament  of  Anabama  giganlea,  Wood,  magnified  750  diameters. 

Pig.  6.  A  portion  of  a  filament  of  Oylindrospermum  minulum,  Wood,  magnified  800  diameters. 
The  number  Las  been  omitted  from  this  figure  on  the  plate ;  the  figure  is  immediately  under  A. 
gigantea,  Wood;  the  hairs  on  the  heterocyst  are  too  coarse  and  rigid. 

Pig.  7.  A  spore  and  outline  of  heterocyst  of  Gylindrospermum  macrospermum,  Ktz.,  magnified 
750  diameters. 

Pig-  8.  The  end  of  a  filament  of  Cylindrospermum  comatum,  Wood,  magnified  1375  diameters. 
The  appendages  to  the  heterocyst  are  coarser  than  natural. 

Pig.  9  a.     A  section  of  an  immature  frond  of  Bivularia  cartilaginea.  Wood, 

Pig.  9  b.  The  base  of  a  fertile  filament,  showing  the  sporo  and  basal  cells,  magnified  800  dia- 
meters. 

Fig.  10.     An  ordinary  filament  of  Nosioo  sphxricum,  Poiret, 

Figs.  10  a  and  10  c.     Filaments  enlarging  preparatory  to  longitudinal  division. 

Fig.  10  i.     A  filament  already  partially  divided  into  two. 


PLATE  III. 

Pig.  1  a.     Gylindrospermum  Jlexuosum  (Ag.),  a  fertile  filament,  magnified  450  diameters. 

Fig.  1  b.     The  end  of  a  fertile  filament,  magnified  750  diameters. 

Fig.  2.     DoUchospermum  (Sphierozyga)  subrigidum,  Wood,  magnified  975  diameters. 

Fig.  3.  Portion  of  a  fertile  filament  of  DoUchospermum  (Sphwrozi/ga)polysperma,  Ktz.,  magnified 
750  diameters. 

Fig.  i  a.  A  section  of  a  frond  of  Gloiotrichia  incrustala,  Wood,  showing  youngish  filaments, 
masses  of  lime,  and  an  organic  body  of  unknown  nature,  all  inclosed  in  a  transparent  jelly. 

Fig.  4  c.     Single  filaments  with  immature  spores,  magnified  260  diameters. 

Pig.  4  b.  The  base  of  a  filament,  showing  the  nearly  matured  spore,  and  empty  cells  situated 
beyond  it. 

Fig.  5.     Chlorococcus  of  undetermined  species. 

Fig.  5  a.    The  motile  state. 

Fig.  5  b.     The  condition  of  the  plant  after  having  lost  its  cilia  and  commenced  its  quiescent 

Figs.  5  and  5  c.     Different  stages  in  this  life  after  division. 

Pig.  5  d.  The  Rwmatococcus  or  resting  condition,  the  form  assumed  by  the  plant  during  slow 
desiccation. 

Pig.  6.     Nostochopsis  lobatus,  Wood. 

Fig,  6  a.  Part  of  a  section,  from  within  outwards,  of  the  frond,  showing  the  tortuous  branched 
filamente,  without  sheaths  in  the  gelatinous  matrix. 

Fig.  6  6.     A  portion  of  a  fertile  filament  with  the  lateral  spores. 

rig.  6  c.     A  sterile  filament. 

Fig.  7.     Protococcvs  of,  undetermined  species. 

Fig.  7  a.     A  cell  snppo'sed  to  belong  to  the  resting  or  winter  condition  of  the  plant. 
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Fig.  1  b.     The  first  broaking-up  of  the  contents  of  the  large  cell  iato  a  brood  of  cells. 
Figs.  1  d  and  1  c.     Different  stages  in  the  life  of  the  latter  brood-eells  and  their  progeny. 


PLATE  IV. 

Fig.  1.  Mastigonema  fertile,  "Wood,  a  single  plant  {not  magnified  150  diameters,  as  marked  on 
the  plato). 
Pig.  16.     A  heteroeyst  magnified  150  diameters,  also  a  spore  cell  and  spore  similarly  amplified. 
Fig.  2  a.     A  portion  of  the  frond  of  Mastigonema  sejunctum,  Wood,  amplified  250  diameters. 
Pig.  2  6.     A  single  filament  magnified  800  diameters. 

Fig.  3.     A  single  filament  of  Zonolriehia  mollis.  Wood,  enlarged  260  diameters. 
Fig.  4.  A  section  of  the  frond  of  Zonoirickia  parcezonala,  Wood,  magnified  a  few  diameters. 
Fig.  5,     The  base  of  a  filament  of  Dasyactis  mollis,  Wood. 
Fig.  5  a.     Section  of  the  frond,  magnified  450  diameters. 
Figs.  5  b  and  -5.  2.         ?nng  filaments  ;  each  magnified  450  diameters. 
Pig.  6.     Fronds  of  Oxlosphserium  duhium,  Wood. 


PLATE   V. 

Fig  la  A  portion  of  the  frond  of  Mastigonema  elongatum,  Wood,  slightly  magnified  to  show 
the  flUments  radiatmg  from  the  fragment  of  matter  to  which  they  are  attached. 

Pig    16      A  single  filament  magnified  460  diameters. 

Fig  2  c      A  cluster  of  younaish  filaments  of  Mastigonema  kaloa,  Wood. 

Fig  2  6  A  portion  of  an  oldci  filament  to  show  the  spore-like  divisions  of  the  endochroiiie,  mag- 
nified 460  diameters. 

Fig.  3.  A  pair  of  young  connate  filaments  of  Mastigothrix  fibrosa.  Wood,  magnified  450 
diameters. 

Fig.  3  a.    An  old  filament  magnified  800  diameters. 

Fig.  3  6.     A  young  filament  with  heteroeyst,  enlarged  450  diameters. 

Fig.  3  d.     A  filament  with  two  basal  cells  magnified  450  diameters. 

Pig.  4  a.     A  portion  of  filament  of  Scytonema  EavenelUi,  Wood,  magnified  160  diameters. 

Fig.  4  b.    The  end  of  a  branch  magnified  450  diameters. 

Figs.  5  a,  6,  c,  &c.  Different  forms  of  Ghroococcus  refractus,  Wood.  Fig,  5  ft  is  not  a  good 
one.  I  was  not  able  to  express  well  the  peculiar  translucent  shining  tint,  and  the  artist  who  copied 
my  drawing  failed  even  more  decidedly  in  simulating  it ;  the  pink  shade  is  altogether  wrong,  I 
never  saw  any  such  color  in  the  plant. 

Fig.  6.     Different  forms  of  Ckroococcus  multicolor alus,  Wood. 

Fig.  6  c.     Eepresents  what  waa  thought  to  be  possibly  a  hybernating  form  of  the  species. 

PLATE   VI. 

Fig.  la.     A  portion  of  a  frondof  Scylonema  thermale,  Ktz.,  magnified  2fi0  diameters. 
Pig.  1  6.     Outline  sketch,  showing  the  form  of  the  heteroeyst,  magnified  750  diameters. 
Fig.  2.     Trichoma  or  frond  of  Scylonema  callitrichoides,  Ktz.,  amplified  250  diameters. 
Pig.  3  a.     Outline  sketch  showing  the  cells  or  chambers  of  Scylonema  dvbium,  Wood,  magnified 
750  diameters. 
Figs.  3  6  and  3  c.     Portions  of  the  filaments  or  trichoma,  magnified  460  diameters. 
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Figs.  4  and  i  h.      Sojtonema  cortex,  Wood.    Portioos  of  filaments,  magiiifietl  750  diameters. 
Fig.  5,     Piece  of  a  small  twig  witli  a  well-formed  and  also  a  Tery  young  frond  of  Chxtophora 
elegans,  Ag.,  growing  upon  it,  magnified  a  few  diameters. 

PLATE    VII 

Fig.  I.     A  perfect  trichoma  of  Scytonema  caiaractum,  Wood. 
Fig.  16.     A  terminal  part  of  a  filament,  magnified  250  diameters- 
Fig.  2  a.     A  portion  of  a  filament  of  Scytonema  immemum.  Wood,  magnified  150  diameters. 
Fig.  2  b.     Nearly  a  whole  filament  or  trichoma,  amplified  260  diameters. 
Fig.  3.     Bhapkidium  polymorpKum,  Wood,  different  forms,  magnified  150  diameters. 

Fig.  4.     Protococcus  of  undetermined  species. 

Fig.  4  a.     The  largest  and  most  mature  form,  probably  the  hibernating  or  Winter  cell. 
Fig.  4  b.     The  same,  commencing  its  active  life. 

Fig,  4  d.     Colony  cells  believed  to  have  been  developed  oat  of  tlie  cell  represented  by  fig.  4  b, 
magnified  150  diameters. 
Figs.  4  and  4  c.     The  motile  state  of  the  species. 

PLATE    VIII. 

Fig.  1  b.     Portion  of  the  frond  of  Tolypothrix  disCorfa  (Miiller),  magnified  500  diameters. 
Fig.  1  a.     Heterocysts  magnified  800  diameters. 

Fig.  3.     Portion  of  a  frond  of  Sirosiphon  pellucidulus,  Wood,  magnified  260  diameters. 
Fig.  2  a.    End  of  the  branch. 

Fig.  3.     Portion  of  a  frond  of  Sirosiphon  compactus  (Ag.),  magnified  2G0  diameters. 

Fig.  3  a.     End  of  a  filament,  magnified  160  diameters. 

Fig.  3  C.     Portion  of  a  filament  siiowing  the  beterocyst  magnified  460  diameters. 

Fig.  4.     Portion  of  a  froad  of  Sirosiphon  neglectus,  Wood. 

Fig.  5.     Frond  of  Sirosiphon  gvitula,  Wood. 

Fig.  5  b.     End  of  a  branch,  magnified  460  diameters. 

Fig.  6.     Portion  of  a  frond  of  Scytonema  Nsegelii,  Ktz. 

Fig.  7.     DiS'erent  forms  of  Qlceocapm  sparsa,  Wood,  magnified  700  diameters. 

Fig.  8.     Merismopedia  nona,  Wood,  magnified  400  diameters. 

PLATE    IX. 

Fig.  1.     Fragment  of  a  frond  of  Sirosiphon  scytenemaioides,  Wood. 

Figs.  3  and  3  c.     Portions  of  fronds  of  Sirosiphon  lignicola,  Wood,  magnified  360  diameters. 
Fig.  2.     The  end  of  a  branch  of  the  same,  magnified  460  diameters. 

Fig.  3  a      Portion  of  a  very  old  frond  of  Sirosiphon  argillaceus,  Wood,  magnified  460  diameters. 
Fig   B  b.     A  t«rminal  branch  of  a  growing  frond  of  the  same. 

Pig.  4  a.     A  frond  of  SHgonema  Savenetii,  Berkeley,  magnified  125  diameters ;  also  a  fragment 
of  the  same  plant,  magnified  450  diameters. 
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PLATE   X. 

Fi^.  la.  A  frond  of  Sirosiphon  pulvinalus,  Bi-eb.,  var.  parvus,  from  a  siiecimeii  collected  Ijy 
Dr.  ,1,  G,  Hunt,  near  I'hiladdphia.     The  ground  color  of  this  figure  is  too  yellow. 

Pig.  16.     A  fragment  of  tbe  same,  magnified  460  diameters. 

Fig.  2.     A  row  of  cells  of  Pleurococcus  seriatun,  Wood,  magnified  460  diameters. 

Fig,  3  ffl,  A  portion  of  the  old  externa]  part  of  a  mass  of  Palmalla  Jessenii,  Wood,  magnified  150 
diameters. 

Fig.  S  b.     A  fragment  from  the  interior  of  such  a  mass  of  the  same  fiiuijliriciitioii. 

Fig,  3  c.     A  portion  of  the  soft  jelly  of  a  young  actively  growing  mass,  magnified  750  diameters. 

Fig.  4.  A  frond  of  Diclyospheerium,  pulchellum,  Wood,  magnified  460  diameters.  I  at  first 
referred  this  plant  to  the  genus  BOTaYOOOOCirs,  and  distributed  some  specimens  under  that  generic  title, 
and  so  marked  my  original  drawing. 

Fig.  5.     A  slice  of  a  youngish  frond  of  Falnwlla  dura,  Wood,  magnified  460  diameters. 

Fig.  6  b.  A  fragment  from  an  old  frond,  showing  the  spores  in  varions  stages  of  growth,  Tiie 
color  of  the  large  spores  is  not  nearly  dark  enough,  it  should  be  much  more  brownish. 

PLATE   XI. 

Pig.  1.     Different  forms  of  Scenesdesnms  pohjmorphvs,  Wood,  magnified  450  diameters. 

I'ig.  2.     Scenedesmus  quadricauda,  Ereb.,  magnified  150  diameters. 

Fig.  3.     Scenedesmus  rolundatus,  Wood,  magnified  150  diameters. 

Fig,  4.  Ordinary  vegetative  cells  of  Palmoglcea  clepsydra,  Wood,  in  different  stages  or  con- 
ditions of  life-history,  magnified  150  diameters.  Those  cells  which  have  the  endochrome  mucli 
broken  up  are  believed  to  be  preparing  for  conjugation. 

Fig.  i  a.     A  pair  of  cells  uniting  in  conjugation. 

Pig.  4  b.  Cells  which  have  united  so  that  the  young  spore  is  very  apparent  with  the  empty  semi- 
cells  of  the  parents  attached  to  it. 

Fig.  4  c.     A  more  advanced  spore  and  empty  semi-cclla. 

Figs.  4  d  and  4  e.  Matured  or  nearly  matured  spores,  as  seen  with  difl'erent  focussing ;  iu  Ihe 
first  the  upper  surface  of  the  spore  is  especially  brought  ont.  All  -these  ilgures,  e.vcept  4  b,  are 
magnified  150  diameters. 

Figs.  5  and  5  a.     Different  forms  of  Closierium  acerosum  (Sehr.),  magnified  250  diameters. 

Fig.  5  b.     Empty  conjugating  cells  with  nearly  matured  spore. 

Fig.  6.     Outline  of  Closierium  areoleUum,  Wood,  magnified  160  diameters. 

Fig.  6  a.  End  of  a  dead,  empty  frond,  enlarged  1315  diameters. 

Fig.  1.     Outline  of  Closierium  Venus,  Ktz.,  magnified  450  diameters. 

(These  last  tliree  species  are  incorrectly  labelled  on  the  plate,  Cosmarium.) 

PLATE    XII. 

Fig.  1.  Closierium  lineatum,  Ehrb.  (Incorrectly  labelled  on  tbe  plate  Cosmarium.)  Magni- 
fied IGO  diameters. 

Fig.  2.     Closierium  Ehrenbergii,  Menegh.,  magnified  160  diameters. 

Fig.  3.     Closierium  rostralum,  Ehrb.,  magnified  260  diameters. 

"  Fig.  i.     Closierium  Dianse,  Ehrb.,  mjignified  260  diameters. 

Fig,  5.      Cloxleriinn  parviihim,  Nrcg.,  magnified  4-^0  diameters. 
33      October,  1873. 
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Fig.  G.     Clostuium  Leibhinii  Ktz    magnified  2G0  diameters. 

Fig.  7.      Teimemotui,  ytjaiiteui,  l\uod.,  luagaiCed  260  diameters. 

Fig.  8.      Telmemoj  us  granulatua  (Br^b.),  magnified  450  diameters. 

Pig.  9.     PUurotsemum  Trabeiula  (Ehrb.),  magnified  IGO  diameters. 

Fig.  10.     Spirotsenia  hryophila  (Breb.). 

Fig.  11.     Spirotsenia  oondensala,  Br^b. 

Fig.  13.     Hyalotheea  disailiens,  Breb. 

Fig.  13.     Didijmopriuvi  GrevilUi,  Ktz. 

Fig.  13  a.     End  view. 

Fig.  14.      C'osmarium  Botrytis  (Bory.),  magnified  460  diameters. 

Fig,  15.      Cosmarium  Cucumis,  Corda. 

Fig.  15  d     A  frond  in  which  the  neek  or  isthmus  has  begun  to  elongate  previous  to  division. 

Fig.  15  b.  An  abnormal  frond  which  has  attempted  division,  but  in  which  the  inner  aemicella  of 
the  new  frond  have  failed  to  form  perfectly  and  to  separate. 

Fig.  16.     Eumtrum  multilobalum,  Wood  ;  front  view. 

Fig.  11.     Micraslerias  Americana  (Ehrb.). 

Fig.  18.  Cosmarium  Meneghenii,  BriSb.,  magnified  760  diameters.  The  sinus  sliould  he  very 
narrow  but  distinct,  instead  of  being  absent  as  in  the  figure. 

Fig.  19.      Spirogyra  Weberi,  Ktz.,  portions  of  conjugating  filaments,  magnified  2G0  diameters. 

Fig.  19  a.     A  portion  of  a  sterile  filament,  magnified  160  diameters. 

Fig.  19  b.     Conjagftting  cells  with  nearij  mature  spores,  magnified  2G0  diameters. 

Fig.  20.     Closlerium  juncidum,  Ralfs.,  magnified  260  diameters. 

Fig.  21.     Cosmarium  margaritiferum  (Turp.),  magnified  460  diameters. 

PLATE    XIII. 

Fig.  1.     Front  view  of  Euastrum  Balfsii,  Rabenh.,  magnified  450  diameters. 

Fig.  2.     Front  of  Euastrum  elegans,  Breb.,  enlarged  730  diameters. 

Fig.  3.     Front  view  of  Euastrum  binale  (Tnrp.),  magnified  750  diameters. 

Fig.  4.     Front  view  of  Micrasteria  dispulata,  Wood,  drawn  from  a  Philadelphia  specimen. 

Fig.  4  a.     The  same  after  a  figure  drawn  by  Dr.  Jos.  Lcidy,  from  a  Newport  epeciraen. 

Fig.  5.     Micrasierias  f  areata,  Agardh.,  front  view,  magnified  260  diameters. 

Fig.  6.     Front  view  of  Micrasterias  denticulata,  Breb.,  magnified  260  diameters. 

Fig.  7.     Micrasteria  Jenneri,  Kalfs.    Front  view. 

Fig.  8.     Stauraslrum  orbiculare  (Ehrb.).     Front  view. 

Fig.  9. ,   Staurastrum  dejectum,  Breb.     Front  view,  magnified  750  diameters. 

Fig.  10,     Stauraslrum  punctutalum,  Bveh.     Front  view. 

Fig.  10  a.     View  from  the  apex. 

Fig.  11.     Front  view  of  Staurantrum  Lewisii,  Wood,  magnified  750  diameters. 

Fig.  12.     Front  view  of  Staurastrum  polytrichum,  Perty. 

Fig.  13  a.     Front  view  of  Staurastrum  munitum,  Wood. 

Fig.  13  6.     End  view  pf  the  same. 

Fig.  14.     Cosmarium  pyramidalum,  BKhJsson.     Front  view. 
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Fig.  15.      Cosmarium  Broomei,  Tliw.     Front  view,  magnified  460  diameters. 
Fig.  16.      Cosmarium  ccmimissurale,  Breb.      Front  view,  magnified  750  diameters. 
Fig,  n.     Xanthidium  armaium,  Ereb.     Front  view,  magnified  260  diameters. 

PLATE    XIV. 

Fig.  1.     A  sterile  cell  of  Hhynekonema  elongatum,  Wood,  magnified  450  diameters. 

Fig.  1  a.  Portion  of  a  filament  conta.ining  a.  fertile  cell,  with  the  epore  nearly  matured,  amplified 
450  diameters. 

Fig.  2.  A  filament  of  Rhynchonema  pulchellum,  Wood,  containing  both  fertile  and  sterile  cells, 
magnified  2C0  diameters. 

Fig.  3.     The  ripened  spore  of  Spirogyra  protecta.  Wood,  magnified  450  diameters. 

Fig.  3  a.     Outline  of  conjugating  filaments,  and  figure  of  a  sterile  filament,  enlarged  250  diameters. 

Fig.  4.     Sterile  cells  of  Spirogyra  longaia  (Vaaeh.),  magnified  350  diameters. 

Fig.  4  a.     Fertile  filaments,  magnified  260  diameters. 

Fig.  5.     A  filament  of  Aphanochsete  repeMS,Wood,  which  has  lost  its  cilia,  magnified  460  diameters. 

Fig.  6.  A  fertile  branch  of  Draparnaldia  Biliingsii,  Wood,  showing  the  chains  of  spores,  mag- 
nified 460  Uiametcrs. 

PLATE   XV. 

Pig.  1.  Portion  of  a  filament  of  Spirogyra  majuacula,  Ktz.,  containing  cells  with  mature  spores 
and  others  just  commencing  the  process  of  conjugation. 

Fig.  3.  A  portion  of  a  sterile  filament  of  Spirogyra  diluia.  Wood,  magnified  125  diameters,  also 
the  outline  of  a  pair  of  conjugating  filaments  of  the  same  amplification. 

Fig.  2  b.     Conjugating  filaments  of  Spirogyra  diluia,  Wood,  magnified  125  diameters. 

Pig.  3  a.    Portion  of  a  sterile  filament  of    Spirogyra  setiformis  (Roth)  Ktz.,  magnified   125 


Fig.  3  b.     Conjugating  filaments  of  the  same  species,  similarly  amplified. 

Pig.  4  a.     Cells  of  Spirogyra  crassa,  Ktz.,  preparing  for  conjugation. 

Fig.  4  c.     Conjugating  cells  of  the  same  plant  in  the  first  stage  of  union. 

Fig.  4  b.     Conjugating  cells  containing  nearly  matured  zygospores,  enlarged  125  diameters. 

Fig.  5.  Filaments  of  Mesocarpus  scataris,  Hassall,  commencing  the  process  of  conjugation,  mag- 
nified 125  diameters. 

Fig.  6.     Sterile  cells  of  Spirogyra  insignis  (Hassall)  Ktz. 

Fig.  6  b.     Conjugating  filaments  of  the  same  species. 

Fig.  7.  Conjugating  filaments  of  Spirogyra  parvispora,  Wood,  containing  nearly  matured 
spores,  magnified  125  diameters. 

Fig.  8.     Portion  of  an  ordinary  sterile  filament  of  Zygnema  insigne  (Hassall)  Ktz. 

Fig.  8  a.     Fertile  filaments  of  the  same,  magnified  250  diameters. 

Fig.  8  b.  Sterile  filament  in  wbich  multiplication  of  the  species  is  taking  place  bythe  separation 
of  the  cells,  magnified  360  diameters. 

PLATE    XVI. 

Fig.  1  a.     Cells  of  Sirogonium  retrqvermm.  Wood,  just  commencing  the  process  of  conjugation. 

Fig.  1  ;>.     Sterile  cells. 

Figs.  I  (7  and  1  e.     Outlines  of  fertile  cells;  all  of  these  figures  are  magnified  260  diameters. 
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Fig.  2.     A  matured  frond  of  Hydrogastrum  granulatum  (Linn.),  enlarged  !)0  diameters. 

Fig.  2  a.  A  resting  eporo  of  the  samo,  enlarged  IGO  dianiBters  ;  also  a  miuute,  vory  young  frond, 
magnified  90  diameters. 

Fig.  4.     A  Ijranah  of  a  Stigeoclonium,  emitting  zoospores,  enlarged  4G0  diameters. 

Fig.  5.     Bidbotrichia  albida,  Wood,  magnified  460  diameters. 

Fig.  6  a.  A  fertile  braiieh  of  BulbocJiMe  Canbyii,  Wood,  showing  the  matured  spore,  magnified 
260  diameters. 

Fig.  6  6.     A  young  plant. 

Fig.  6  c.  A  branch  with  young  male  plants,  and  a  forming  zoosporangium,  niagiiiGod  260 
diameters. 

Fig.  6  d.     The  empty  cup  left  after  the  diseharge  of  the  oospore. 

Fig.  6  e.     Outline  of  sporangium. 

Pig.  9.     A  young  plant  of  SUgeoclonium. 

The  globular  figures  in  the  lower  part  of  the  plate  are  separate  cells  of  Forpkrydium  ■magmficum, 
Wood,  magiiiBcd  760  diameters.  The  iiumbcriug  of  the  figures  at  the  bottom  of  the  plate  arc 
wrong,  fig.  3  should  read  fig,  4,  4,  5,  he. 


PLATE    XVII. 

Pig.  1  a.     The  basal  portion  of  an  old  frond  of  Schuomeris  Leibleinit,  Ktz.,  ?  magnified   120 
diameters. 

Fig.  16.     A  filament  emitting  zoospores,  magnified  250  diameters. 
Fig.  I  c.     A  perfected  zoospore. 

Pigs.  I  d,  1  e,  1  c.     Young  plants  formed   by  the  germination  of  the  zoospore,  magnified  450 
diameters. 

The  distal  end  of  a  filament  of  (Edogoiiium  Buntii,  Wood. 
Cells  showing  the  formation  and  growth  of  a  new  cell. 
A  portion  of  filament  containing  spores  in  different  conditions  of  maturity. 
A  young  female  plant  with  attached  dwarf  plant. 
Cells  emitting  a  zoospore,  magnified  250  diameters. 
The  perfected  zoospore. 

Outline  sketch  of  a  young  male  plant,  magnified  about  1200  diameters.     Tlie  arrows 
are  meant  to  represent  cyclotic  currents. 

Fig.  3.     A  fertile  filament  of  (Edogonium  muUispora,  Wood,  showing  spores  in  different  states  of 
maturity,  and  dwarf  male  plants. 
Pig.  4  c.     Sterile  cells  of  Spirogyra  dubia,  Ktz.,  enlarged  260  diameters. 

Figs.  4  and  4  d.     Outline  sketches  of  cells  containing  spores,  magnified  260  and  I60  respcctii'ely. 
Figs,  5  a  and  5  6.     Sterile  cells  of  Spirogyra  rivularis  (Hassall),  magnified  260  diameters. 
Fig.  5  c.     Oatlinc  sketch  of  conjugating  cells  with  spore  similarly  amplified 


PLATE    XVIII. 

Fig.  1  a.     A  young  female  plant  of  Pringsheimia  inmquale.  Wood,  magnified  250  diameters. 

Fig.  16.  A  portion  of  an  adult  female  plant,  contajuing  immature  spores,  and  showing  in  out- 
ine  in  the  upper  sporangium  the  orifice  through  which  the  spermatozoa  enter,  magnified  250  dia- 
neters. 

Fig.  1  c.     The  snppose(i,  young  male  plant,  magnified  450  diameter.?. 

Fig.  2.     (Edogonium  mirabile,  Wood.     A  portion  of  a  filament  with  a  partially  matured  spore. 
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Fi"-.  2  a.  A  portion  of  a  fcmale  plant,  showing  the  beginning  of  the  development  of  the  female 
germ,  i.  e.  the  formation  of  a  very  large  cell. 

Fig.  2  b.  A  further  stage  of  the  process,  showing  the  cell  divided  into  an  upper  and  lower  por- 
tion, with  the  outline  of  the  attached  male  plant. 

Fig  2  c.  A  fertile  filament  containing  a  matured  spore.  All  of  these  figures  are  magnified  160 
diameters. 

Fig.  2d,  A  couple  of  cells,  one  of  which  has  divided  into  four  daughter- cells,  each  of  which 
contains  a  nearly  perfected  audrospore,  magnified  460  diameters. 

Pigs.  3  6  and  3  g.  Different  views  of  dwarf  male  plants  discharging  spermatozoids,  the  first  figure 
offering  a  profile  view  of  the  cap,  the  second  a  view  from  behind,  magnified  41)0  diameters. 

Fig.  3  e,     A  three-celled  dwarf  male  plant,  magnified  460  diameters. 

Fig.  3.  Matured  spore  of  (Edogonium  eckinatum,  Wood,  uacolorcd  and  magnified  750  diameters. 

Fig.  i.     Spores  in  sporangia  of  a  Florida  (Edogonium  of  undetermined  species. 

Fig.  5.     Bulbochwte  ignola,  Wood. 

Fig.  5  a.  Branches  of  a  frond,  showing  different  stages  in  the  early  development  of  the  female 
germs. 

Fig.  5  6.     Sporangium  containing  a  nearly  matured  spore.    All  magnified  460  diameters. 

Fig.  6  a.  Part  of  a  frond  of  Bulbockmte  dumosa,  Wood,  with  female  germs  and  dwarf  male  plants 
in  diflerent  stages  of  development,  magnified  260  diameters.  The  fine  markings  on  the  spores  have 
not  been  reproduced  in  the  chromo-lithograph  from  my  drawing. 

Fig.  6  6.     Male  plant  discharging  spermatozoid,  magnified  150  diameters. 

Fig.  7  a.     Part  of  a  sterile  filament  of  a  Conferva  of  unknown  species. 

Fig.  1  b.     The  same  discharging  zoospores. 

Fig.  1  c.     A  cluster  of  germinating  zoospores. 

Fig,  1.     A  young  plant.     All  these  figures  are  magnified  50O  diameters. 


PLATE    XIX. 

Fig.  I.     Stigeoclonium,  showing  chsetophoroidal  stage. 

Fig.  2.     Portion  of  a  fertile  filament  of  Clianiransia  expansa.  Wood,  magnified  125  diameters. 
Fig.  3  6.     A  fragment  of  a  fertile  branch,  magnified  200  diameters. 

Fig.  3.      A  portion  of  a  fertile    filament  of    Chanlransia   macrospora,  Wood,  magnified    460 
diameters. 


Fig.  4  a.  Outline  of  some  fertile  cells  of  Spirogyra  quinina,  Ag, 
Fig.  4  i.     Filaments  in  an  advanced  stage  of  conjugation. 
Figs.  4  c  and  4  e.     Fragments  of  sterile  filaments. 


PLATE   XX. 


Fig.  1.     Stigeoclonium,  found  near  Philadelpliia. 

Fig.  2.     Arthrodei-mus  quadridens,  Wood,  as  viewed  from  the  end,  and  magnified  250  diameters, 
also  a  front  view  of  similar  amplification. 

Figs.  3  and  3  a.     Different  forms  of  fructification  of  Vauckeria  polymorpha,  Wood,  showing  the 
emptied  antheridia  and  fertile  sporangium. 
Fig.  3  6.     An  immature  antheridium. 
Fig.  3  0.     Spore  of  same  species. 
Fig.  4.     Section  through  fertile  node  of  Lemanea  loTulosa  (Roth). 
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Fig.  5.     Outlines  of  Euastrum  muUilubatum,  Wood.     The  lower  figare  represents  alatcraJ  v 
the  upper  a  two-thirds  vieiv. 
Fig.  6,     Outline  of  Peniuw.  digitus,  Brcb, 


PLATE    XXI. 

Fig.  1.     Pleurotcenium  crenulalum  (EUrb.),  an  outline  view,  magnified  IGOdiametera. 

Fig.  2.     Pleurotmnium  breve,  Wood,  tlie  empty  dead  f road,  magnified  150  diameters. 

Fig.  3.      Telmemorus  Brebissonii  (Mengh.),  an  empty  semicell. 

Fig.  3  a.     Outline  of  a  whole  frond. 

Fig.-  4  b.      Closterium  linealum  (Ehrb.),  an  empty  semicell,  magnified  260  diameters. 

Fig,  5.      Cosmariam  Bolrytis  (Bory),  an  emp.ty  frond,  magnified  160  diameters. 

Figs.  5  a  and  5  b.     Outlines  of  semieells  to  show  the  variety  of  form. 

Fig.  6.  Cosmarium  Brebissonii,  Mcnegh.,  an  empty  frond,  magnified  150  diameters  and  outline 
of  apes  view. 

Fig.  1  a.  Cosmarium  telropthalmum  (Ktz.),  outline  of  the  empty  frond,  magnified  4C0  diame- 
ters. 

Fig.  8.  Cosmarium  margaritiferum  (Turp.),  view  of  an  empty  semicell,  magnified  750  diame- 
ters; the  ontltno  of  this  should  be  more  regular. 

Fig.  9.      Cosmarium  suborbiculare,  Wood,  an  empty  frond,  magnified  150  diameters. 

Fig.  9  a.     An  outline  of  end  view  of  similar  amplification. 

Fig.  10.     Cosmarium  Broomei,  Thw.,  lateral  outline  of  the  frond. 

Fig.  11.     Micraslerias  Jennerii,  Ealfs,  an  empty  semicell. 

Fig.  12.     Euaslrum  ornatum.  Wood,  front  view,  magnified  450  diameters. 

Fig.  12  a.    Lateral  view. 

Fig.  13.     Euaslrum  Didelta,  Tnrpin,  outline  of  the  front  view. 

Fig.  14.     Euastrum  elegans,  Breb,,  outline  of  the  lateral  view. 

Fig.  15.     Micraslerias  truncala,  Corda,  outline  of  front  view,  magnified  2G0  diameters. 

Fig.  16.     Micrasterian  granulala.  Wood,  front  view  of  an  empty  frond,  magnified  460  diameters. 

Fig.  17.     Staurastrum  orbiculare,  Ehrb.,  outline  of  the  end  view. 

Fig.  18.     Staurastrum  defectum,  Breb.,  outliDe  of  the  end  view,  magnified  750  diameters. 

Fig,  19.     Staurastrum  Lewiaii,  Wood,  outline  of  the  end  view,  magnified  750  diameters. 

Fig.  20.     Staurastrum  paradoxicum,  Mey,,  outline  of  end  view. 

Fig.  21.  The  five  radiate  figure  is  an  end  view  of  Staurastrum  Arachne,  Ralfs,  the  triradiato  of 
Staurastrum  paradoxum,  Meyeo,  magnified  750  diameters. 

Fig.  23.     Staurastrum  Bavenelln,  Wood,  Front  view  of  the  empty  frond,  magnified  460  diameter? 

Fig,  22  a.    The  side  view  of  an  empty  Bemiccll,  magnified  150  diameters. 

Fig.  22  b.     The  end  view  with  the  same  amplification. 

Fig,  23.     Staurastrum  Folylriehum,  Perty,  outline  of  the  frond  as  seen  from  the  end. 
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ADVERTISEMENT. 


In  the  investigation  of  tlie  Orbit  of  Uranus  wLich  forms  the  snbject  of  the  accompanying  memoir, 
as  well  as  in  that  of  the  Orbit  of  Neptune  previously  published  in  the  Smithsonian  Contributions, 
a  large  amount  of  arithmetical  computation  has  been  required,  especially  in  the  reduction  and  com- 
parisoa  of  observations.  The  cost  of  this,  in  accordance  with  the  spirit  of  the  Institntion  in 
advancing  science,  has  been  defrayed  from  the  income  of  the  Smithsou  fund. 

As  required  by  the  rules  of  the  Institution,  the  accompanying  memoir  was  referred  to  competent 
authority  for  examination,  and  the  persons  selected  for  this  purpose  were  Professor  J.  II.  C.  Coffin, 
of  the  Nautical  Almanac  Office,  and  Professor  Asaph  Ilall,  of  the  Naval  Observatory. 

JOSEPH  HENRY, 

Secretary  8. 1. 

"WiSUlSGTOK,  1873. 
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PKEFACE. 


The  present  work  was  undertaken  as  far  back  as  the  year  1859.  But  the  labor 
deToted  to  it  at  first  amounted  to  little  more  than  tentative  efforts  to  obtain 
numerical  data  of  sufficient  accuracy,  and  to  decide  upon  a  satisfactory  method  of 
computing  the  general  perturbations  of  the  planet.  The  elements  of  Neptune 
employed  in  the  earlier  computations  were  found  to  deviate  too  widely  from  the 
truth  to  be  used  in  computing  the  perturbations  of  Uranus  with  the  first  order  of 
accuracy,  and  it  became  necessary  to  correct  them.  This  was  done  during  the  years 
186i  and  1865,  and  the  investigation  was  printed  by  the  Smithsonian  Institution 
in  the  latter  year.  It  was  then  found  that  the  adopted  elements  of  Uranus  also 
differed  too  widely  from  the  truth  to  serve  as  the  basis  of  the  work,  and  they  were 
provisionally  corrected  by  a  series  of  heliocentric  longitudes  derived  from  observa- 
tions extending  from  1T8I  to  1861.  Finally  it  was  found  that  the  adopted  method 
of  computing  the  perturbations,  that  of  the  "  variation  of  elements,"  though  not 
deserving  of  the  disfavor  into  which  it  has  fallen  of  late  years,  was  practically 
inapplicable  to  the  computation  of  the  most  difficult  terms,  namely,  those  of  the 
second  order  with  respect  to  the  disturbing  forces.  Indeed,  it  appeared  to  the 
author  that  the  only  method  of  computing  those  terms  which  was  at  the  same  time 
general,  practicable,  and  fully  developed,  was  that  of  Hansen.  But,  were  this 
method  adopted,  all  that  had  previously  been  done  would  have  been,  useless,  even 
for  the  purpose  of  comparison  and  verification,  owing  to  the  expression  of  the  co- 
ordinates in  terras  of  a  disturbed  mean  anomaly.  It  appeared  to  the  author  that, 
although  this  form  of  theory  led  to  expressions  having  fewer  terms  than  the  other, 
it  was  not  without  its  relative  disadvantages.  Other  considerations  being  equal,  he 
conceived  that  astronomers  generally  would  greatly  prefer  to  see  the  perturbations 
expressed  directly  in  terms  of  the  time,  owing  to  the  ease  with  which  the  results 
of  different  investigators  could  then  be  compared,  and  with  which  corrections  to 
the  theory  may  be  introduced. 

Under  these  circumstances  the  method  described  in  the  first  chapter  of  the 
present  paper  was  worked  out.  The  question  how  much  it  contains  that  is  essen- 
tially new  is  one  that  the  author  has  never  closely  examined:  it  is,  however,  certain 
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that  the  mode  of  considering  the  subject  is  well  known,  being  that  employed  by 
La  Place,  Herschcl,  De  Pontecouiant,  Encke,  and  perhaps  others.  The  method 
of  forming  the  required  derivations  of  the  perturbative  function  from  the  analj-tical 
development  of  that  quantity,  he  has  not  seen  elsewhere. 

With  these  improved  elements  and  methods  the  work  was  recommenced  in  1868. 
The  earlier  investigations  being  merely  provisional,  it  has  not  been  deemed  neces- 
sary to  present  them  in  the  present  work.  Some  of  the  results,  corrected  for 
errors  of  the  older  elements,  are,  however,  given  for  the  purpose  of  comparison. 

Although  this  investigation  has  absorbed  the  greater  part  of  the  author's  leisure 
for  more  than  five  years,  it  is  only  through  the  aid  of  the  Smithsonian  Institution 
and  Nautical  Almanac  that  he  has  been  enabled  to  bring  it  to  a  conclusion  within 
that  time.  At  an  early  stage  of  the  work  Professor  Henry  responded  favorably  to 
a.  request  for  aid  by  the  employment  of  computers;  it  was,  however,  not  found 
practicable  to  use  such  aid  until  the  perturbattions  had  been  completed,  and  the 
provisional  theory  concluded.  Then,  the  comparison  of  theory  and  observation, 
and  the  construction  of  the  tables,  involved  a  large  amount  of  mechanical  compu- 
tation, and  on  this  part  of  the  work  a  number  of  persons  have  been  employed  by 
the  Institution  at  various  times,  among  whom  may  be  mentioned  Professor  F.  W. 
Bardwell,  of  the  University  of  Kansas,  and  Dr.  C.  L.  F.  Karapf,  late  of  the  Ob- 
servatory of  Leiden.  Every  part  of  the  work  has,  however,  been  done  under  the 
author's  immediate  direction,  and,  as  nearly  as  possible,  in  the  same  way  as  if  ho 
had  done  it  himself,  a  result  which,  in  one  or  two  cases,  has  been  attained  only 
by  the  expenditure  of  an  amount  of  labor  approximating  that  saved  by  the  employ- 
ment of  the  computer. 

In  presenting  the  steps  of  the  investigation,  the  end  has  been  kept  constantly  in 
view  to  render  as  easy  as  possible  the  detection  and  correction  of  any  error,  or  the 
introduction  of  any  alteration  in  the  elements  or  other  data.  It  is,  of  course, 
impossible  to  present  the  steps  of  the  computation  with  any  approach  to  fulness 
without  far  transcending  the  limits  of  the  printed  work :  The  results  given  are, 
therefore,  those  which  it  was  supposed  would  be  most  useful  to  the  future  investi- 
gator of  the  same  subject.  There  is  reason  to  believe  that  the  original  computa- 
tions will  ultimately  become  the  property  of  the  National  Academy  of  Sciences,  so 
that  they  may  always  be  referred  to  for  the  clearing  up  of  any  difficulty  in  the 
printed  text. 

The  author's  acknowledgments  are  due  to  Professor  J.  H.  C.  Coffin,  Superin- 
tendent of  the  Nautical  Almanac,  and  Mr.  E.  J.  Loomis,  of  the  Nautical  Almanac 
Office,  for  reading  the  proof  sheets  of  the  last  twelve  tables  during  the  absence  of 
the  former  abroad. 

■Washington,  July  31,  1873. 
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ERRATA. 

Pages  100  to  105.  In  computing  the  latitude  from  the  provisional  theory  the  values  of  the 
secular  terms  of  Stj  and  Sk  oa  page  91  have  been  interchanged.  The  provisional  latitude,  therefore, 
requires  the  correction 

— 0".53  Tsin  v-i-0".53  T  cos  v 
where 

-v  =  g  +  120  45'-|-2e  sin  g. 

This  correction  is  not  applied  in  the  subsequent  investigation.  Its  effect  would  have  been  to 
change  the  value  of  fedeciueed  on  p.  1T6  by  probably  0".3  or  0".3.  The  effect  on  the  other  elements 
of  latitude  would  have  been  much  smaller,  and  therefore  unimportant. 

Page  123,  line  15.     Add  :  the  corrections  in  the  sixth  column  being  omitted. 

Pago  151.  Add  foot-note:  In  forming  these  comparisons  the  corrections  to  the  heliocentric 
longitude  in  the  sixth  column  of  the  provisional  ephemeris,  pages  100  to  105,  are  not  applied. 

Page  ^9.  Equation  T.  In  this  equation  the  eoefScients  of  &x  and  ip  have  been  multiplied  by  J, 
instead  of  |,  the  factor  of  il.  The  effect  of  this  error  enters  into  all  the  subsequent  results,  but  in 
the  comparisons  of  theory  and  observation  it  is  corrected. 

Page  184.  The  clement  here  represented  by  x  (kappa)  is  the  same  which,  in  the  preceding 
chapters,  has  by  mistake  been  represented  by  k,  and  which  is  defined  on  p.  21.  The  k  of  Chapter 
Till  is,  therefore,  not  the  same  with  that  of  preceding  chapters. 
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ON  THE  ORBIT  OF  URANUS. 


INTRODUCTION. 

The  connection  of  the  planet  Umnus  with  the  most  brilliant  astronomical 
achievement  of  the  century  lends  a  peculiar  interest  to  its  theory.  The  researches 
of  Adams  and  Le  Verrier  showed  that  the  observed  motions  of  that  planet  were 
represented,  at  least  approximately,  by  the  action  of  a  theoretical  planet  having 
ihe  longitude  of  Neptune.  Peirce  showed  that  the  action  of  Neptune  itself 
accounted  for  these  motions  within  the  limits  of  possible  error  of  the  observations 
used  by  Le  Verrier.  It  remains  to  be  seen  whether  the  agreement  between  theory 
and  observation  still  subsists  when  the  comparatively  few  observations  used  by  those 
investigators  ai-e  reduced  with  the  more  refined  data  now  at  our  disposal,  and  when 
the  great  mass  of  additional  observations  made  both  before  and  since  the  date  of 
Le  Terrier's  researches  are  included. 

The  circumstances  connected  with  the  discovery  of  Neptune  have  been  so 
exhaustively  recounted  by  a  number  of  authors  that  it  would  be  difiicult  to  add 
anything  not  already  familiar  to  astronomers  without  transcending  our  present 
limits.  I  shall  therefore  confine  myself  to  such  an  account  of  previous  researches 
on  the  theory  of  Uranus  as  may  give  an  idea  of  their  nature  and  extent,  and  facili- 
tate their  comparison  with  the  methods  and  results  of  the  present  investigation. 

The  perturbations  used  by  Bouvard  in  his  tables  are  those  of  the  Mecauique 
Celeste.  Although  not  afi'ected  with  any  striking  error,  the  numerical  methods 
adopted  in  their  computation  are  necessarily  too  rough  to  allow  of  much  interest 
attaching  to  their  comparison  with  the  results  of  the  more  recent  researches. 

It  is  essential  to  a  clear  understanding  of  subsequent  researches  that  we  classify 
the  methods  which  have  been  or  may  be  adopted  in  the  computation  of  the 
general  perturbations  of  the  planets.  This  computation  comprises  two  distinct 
operations:  (1)  the  development  of  the  disturbing  forces,  or  some  quantities  of 
which  these  forces  are  functions;  (2)  the  integration  of  the  equations  of  motion 
under  the  influence  of  these  forces.  In  each  of  these  operations  three  methods 
have  been  employed. 

In  developing  the  perturbative  function,  we  have  first  the  purely  analytic  method 
used  by  the  great  geometers  of  the  last  century.  In  this  method  tliis  function  is 
developed  in  powers  of  the  eccentricities  and  mutual  inclination  of  the  orbits  of 
the  two  planets,  and  the  numerical  coefiicients  are  found  by  substituting  the  values 
of  the  elements  in  these  expressions.     It  is  only  appHcable  when  the  eccentricities 

1         Maroli,1873.  (   1   ) 
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and  mutual  inclination  are  small,  and  has  for  that  reason  fallen,  of  late,  into  a 
certain  disrepute.  The  extended  tables  published  by  Le  Vemcr^  have,  however, 
added  so  much  to  its  facility  for  use  that  it  is  not  wholly  unworthy  of  attention. 

At  the  other  extreme  stands  the  purely  mechanical  method,  in  which  special 
values  of  the  disturbing  force  are  computed  for  many  combinations  of  the  mean 
anomalies  of  the  two  planets,  and  the  values  of  the  coefficients  in  the  general 
expression  for  the  force  thence  deduced. 

Between  these  two  stands  what  I  conceive  we  may  designate  as  the  Cauchy- 
Hansen  method,  in  which  the  development  is  made  mechanically  with  respect  to 
the  one  planet,  hut  the  eccentric  anomaly  of  the  other  is  retained  as  an  undeter- 
mined quantity.  The  germ  of  this  method  is  found  in  several  papers,  by  Cauchy, 
in  the  earlier  volumes  of  the  Comptes  Rendus  of  the  French  Academy,  which  have 
since  been  combined  into  a  homogeneous  memoir  by  Puiseux.^  The  object  had  in 
view  by  these  authors  is  only  the  computation  of  inequalities  of  long  period.  But 
Hansen  has  taken  up  the  essential  principle  of  the  method,  first,  in  his  pri2e  memoir 
on  the  perturbations  of  comets,  crowned  by  the  French  Academy  of  Sciences,  about 
18-i8,  and  afterwards  in  his  ^'^  Atiseinandersetzung  einer  zwechmassigen  Methode  zur 
lierechiiung  der  Storungen  der  Meinen  Planetenj""  and  applied  it  to  the  general 
development  of  perturbations. 

Among  the  three  methods  of  integration,  the  first  in  point  of  analytical  elegance 
and  generality,  but  the  last  in  order  of  convenience  in  use,  is  that  of  the  variation 
of  elements,  a  method  with  which  the  name  of  La  Grange  is  inseparably- associated. 

In  the  second  the  direct  integration  of  the  differential  equations  which  express 
the  perturbations  of  longitude,  latitude,  and  radius  vector  is  cfi'ccted  by  special 
devices. 

In  the  first  of  these  methods  the  problem  is  presented  in  this  form :  The  equations 
of  motion  being  completely  integrated  for  the  action  of  the  principal  forces  only, 
how  must  the  arbitrary  constants  of  integration  vary  in  order  that  the  same  expres- 
sions may  represent  the  motion  of  the  planet  under  the  influence  of  the  disturbing 
forces?  In  the  second  method,  the  same  thing  being  presupposed,  the  question  is, 
what  expressions  must  be  added  to  the  integrals  of  undisturbed  motion  in  order 
that  the  sum  may  represent  the  integrals  of  the  disturbed  motion? 

The  third  is  Hansen's  method,  in  which  the  co-ordinates  are  partly  expressed  in 
terms  of  a  certain  function  of  the  time  known  as  the  disturbed  mean  anomaly, 
determined  by  the  condition  that  the  true  longitude  in  the  disturbed  orbit  shall  be 
the  same  function  of  the  disturbed  time  that  the  longitude  in  the  elliptic  orbit  is 
of  the  simple  time. 

Although  the  last  two  methods  have  a  great  advantage  over  the  first  in  the  com- 
putation of  the  periodic  perturbations,  I  conceive  the  first  to  be  best  adapted  to 
the  computation  of  the  secular  variations,  and  perhaps,  of  terms  of  very  long  period 
in  the  mean  longitude  and  the  elements  of  the  orbit. 

*  Annales  de  VObservaloire  Imperial  de  Paris.      Tome  T. 

'  Annales  de  I'Observatoire  Imperial  de  Paris.     Tome  VJI. 

*  Abhandlunfjen  der  Koniglich  Sdcksischen  Geselhchafl  der  Wissenschoften.    Band  Y.  TI,  Til. 
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In  his  researches  on  the  motion  of  Uranus,  the  first  thing  done  by  Le  Vcrricr 
was  to  recompute  the  perturbations  by  Jupiter  and  Saturn.  It  will  sufficiently 
describe  his  method  of  doing  this  to  say  that  in  the  developments  he  used  the 
purely  mechanical  method  for  the  action  of  Saturn,  and  the  algebraic  development 
of  the  perturbativc  function  for  the  action  of  Jupiter,  while  in  the  integration  he 
used  the  method  of  the  variation  of  elements.  After  completing  the  perturbations 
of  the  first  order  he  made  the  earliest  attempt  at  a  complete  determination  of  those 
of  the  second  order.  Beginning  with  the  terms  of  this  order  which  arise  from  the 
secular  variations  of  the  elements,  he  determines  them  by  recomputing  the  terms 
of  the  first  order  for  the  epoch  2300,  and  assuming  that  the  general  term  will  then 
be  given  by  interpolating  between  the  two  terms  thus  found,  supposing  them  to 
increase  uniformly  with  the  time.  This  proceeding  has  the  sanction  of  such  high 
authority  that  it  is  worth  while  to  call  attention  to  its  want  of  rigor.  The  dif- 
ferential coefficient  of  each  element  being  given  in  the  form 

da  ■,  J. 
-  -  =  /;  cos  oL 
dt 

h  being  a  function  of  the  elements,  the  perturbation  of  the  first  order  will  be 

la^  ,■  sin  ht, 
b 

When  we  take  into  account  the  variation  of  h,  and  suppose  it  of  the  form  Jcq  +  Ic't, 

the  process  is  equivalent  to  supposing  that  in  this  case 

ta  =^ — -J —  sm  bi, 

0 

whereas  it  really  contains  the  additional  term, 
^         I.. 

,.,   COSOT, 
b' 

which  appears  to  be  neglected  in  the  process  in  question.     It  will  be  seen  that  the 

neglected  coefficient  is  equal  to  the  secular  variation  of  the  term  during  the  time 

that  its  argument  requires  to  increase  by  an  amount  equal  to  the  unit  radius.     It 

is  therefore  the  more  important  the  longer  the  period  of  the  inequality. 

To  obtain  the  periodic  terms  of  the  second  order  Le  Verrier  begins  by  determin- 
ing the  ten  principal  terms  of  the  perturbations  of  the  elements  of  Saturn  produced 
by  Jupiter.  Next  he  takes  up  the  terras  in  the  mean  longitude  of  Uranus  which 
depend  on  the  square  of  the  mass  of  Saturn.  The  only  sensible  terras  he  finds  are 
—  l".n  sin  C^~  30  — 0".35  cos  (?'—  3^ 
-f  0''.43  sm  (^  —  4f  +  ^0  —  0''-^l  cos  (^'  —  4^  +  4^. 
^,  ^',  and  tl'  being  the  mean  anomalies  of  Uranus,  Saturn,  and  Jupiter,  respectively. 
The  terms  depending  on  the  product  of  the  masses  of  Jupiter  and  Saturn  are  then 
taken  up.  Fifteen  arguments  arc  found  the  coefficients  of  which  vary  from  a 
small  fraction  of  a  second  to  one  or  two  seconds,  while  a  single  one  of  long  period 
amounts  to  32". 

When  the  method  of  variation  of  elements  is  used,  it  is  necessary  not  only  to 
determine  these  variations  to  quantities  of  the  second  order,  but,  in  the  transforma- 
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tion  of  the  perturbations  of  the  elements  into  perturbations  of  the  co-orilinates,  to 
carry  this  transformation  to  terms  of  the  second  order  also.  This  Le  Verrier  avoids 
by  showing  that  the  terms  of  the  lowest  order  with  respect  to  the  eccentricities 
thus  introduced  are  destroyed  by  certain  terms  in  the  perturbations  of  the  elements, 
so  that  it  is  only  necessaiy  to  omit  both  classes  of  terms.  These  terms  are  of  that 
fictitious  class  which  disappear  of  themselves  by  a  simple  change  of  elements. 
When,  instead  of  the  eccentricity  and  longitude  of  the  perihelion,  we  take  /*  and  k, 
which  represent  the  products  of  the  eccentricity  into  the  sine  and  cosine  of  this 
longitude  respectively,  these  terms  disappear  of  themselves  both  from  the  perturba- 
tions of  the  elements  and  of  the  co-ordinates.  It  is  not  likely  that  auy  of  the 
neglected  terms  of  this  class  exceed  OM. 

As  soon  as  the  elements  of  Neptune  were  known,  the  nature  of  its  general  action 
on  Uranus  became  of  interest.  This  subject  was  taken  up  by  Prof.  Pelrce,  whose 
results  are  found  in  the  Proceedings  of  the  American  Academy  of  Arts  and  Sciences, 
Vol.  T,  pp.  334-337.  This  paper  is  accompanied  with  a  comparison  of  his  theory 
of  Uranus  with  observations,  to  which  similar  comparisons  of  the  theories  of  Adams 
and  Le  Verrier  are  added.  This  comparative  exhibit  is  of  sufficient  interest  to  be 
given  here.  The  numbers  given  are  probably  excesses  of  computed  over  observed 
longitudes. 
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1787 

+      2-0 

—    1.9 

—    0-3 

—      4.7 

—    12 

—  0.5 

1792 

—      7.8 

+    03 

—    1,1 

+      l,(t 

+    05 

+  0.3 

1T9T 

—      6.7 

—    1.0 

—    0.5 

+      33 

+    0.8 

+  0.3 

1803 

—      34 

+    0.8 

+    16 

+      3-2 

+    1-2 

+  0.8 

1808 

+      3.8 

+    0.8 

0,0 

—      1,3 

—    0,6 

—  0.4 

1813 

+      4.5 

—    09 

—    1.0 

—      2.3 

+    M 

—  0.3 

1819 

+      3.8 

+    0.4 

—    22 

+      0,9 

+    O.T 

+  1.0 

1824 

—      7.6 

—    54 

+    M 

—      1  6 

—    1.9 

—  2.0 

1829 

—      7.8 

—    2,2 

+    3.0 

+      25 

+    1.3 

+  0.8 

1836 

—      45 

—    0.8 

_    1,3 

+      3.9 

+    24 

+  3.0 

1840 

+      0.7 

+    23 

+    1,3 

—      1,3 

—    1.3 

—  1,1 

1845 

+      6.5 

—    0,3 

—      2,8 

„    1  2 

—  0.9 

In  this  paper  Professor  Peirce  presents  the  results  of  a  complete  computation  of 
the  general  perturbations  of  Uranus  by  Neptune  in  longitude  and  radius  vector. 
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but  without  any  details  whatever  of  the  investigation,  or  any  statement  of  the 
methods  employed.  The  minuteness  of  the  residuals  in  the  last  column  of  the 
preceding  table  shows  that  employing  these  perturbations  by  Neptune,  and  those 
of  Le  Verrier  by  Jupiter  and  Saturn,  we  had  a  theory  of  Uranus  from  which  quite 
accurate  tables  might  have  been  constructed.  But  this  never  seems  to  have  been 
done.  The  ephemeris  of  Uranus  in  the  American  Nautical  Almanac  was  intended 
to  be  founded  on  this  theory,  but  the  proper  definitive  elements  do  not  seem  to 
have  been  adopted  in  the  computations,  as  the  ephemeris  does  not  correspond  with 
the  theory. 

Although  twenty-five  years  have  elapsed  since  the  epoch  of  these  researches,  I 
am  not  aware  of  any  published  work  of  importance  on  the  theory  of  Uranus  during 
the  interval.  Mr.  T.  H.  Safford  has,  however,  made  a  very  extended  investigation 
of  the  subject,  but  has  published  nothing  more  than  a  brief  general  description  of 
his  work,  which  may  be  found  in  the  Monthly  Notices  of  the  Royal  Astronomical 
Society,  Vol.  22.  Like  Professor  Peirce,  be  took  Le  Verrier's  perturbations  by 
Jupiter  and  Saturn,  but,  instead  of  using  general  perturbations  by  Neptune,  he 
computed  the  effect  of  the  action  of  this  planet  by  mechanical  quadratures  for  the 
whole  period  of  the  observations  of  Uranus,  and  thus  corrected  the  elements  and 
the  mass  of  Neptune  from  modern  observations  alone.  The  mass  in  question 
deduced  was 

I 
20039 
Mr.  Safford  does  not  give  the  representation  of  the  modern  observations,  but  pre- 
sents the  following  comparison  of  the  ancient  ones,  alongside  which  we  place  for 
comparison  the  corresponding  numbers  of  Peirce's  theory  and  those  of  the  present 
investigation. 


Excess  of  Observation  over  Theory. 

Date. 

No 

.  of  obs. 

Bafforii. 

PeircB. 

Newoomb. 

1690 

1 

+  5".0 

—  0".8 

—  11" 

1115 

3 

_4.2 

—  8.1 

—     8 

1150 
1T53 

2 
1 

—  1  3 

—  0.2 

:;:::} 

+    2.9 

1156 

1 

—  0.9 

—  4.0 

1764 

I 

+  0.4 

1169 

8 

+  4.5 

+  6.0 

—  1.4 
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CHAPTER  I. 

METHOD  OP  DETERMINING   THE   PERTURBATIONS  OP  LONGITUDE,  RADIUS 
VECTOR,  AND  LATITUDE  OP  A  PLANET  BY  DIRECT  INTEGRATION. 

Let  us  conceive  a  plane  determined  by  the  condition  that  it  shall  pass  through 
the  sun  and  contain  the  tangent  to  the  orbit  of  a  planet  at  any  moment.  If  the 
planet  were  acted  on  by  the  sun  alone,  the  position  of  this  plane  would  be  invariable, 
but,  under  the  influence  of  the  disturbing  forces  of  the  other  planets,  it  is  subject, 
at  each  instant,  to  a  motion  of  rotation  around  the  radius  vector  of  the  planet.  We 
may  regard  this  as  the  instantaneous  plane  of  the  planet's  orbit.  The  disturbing 
and  the  disturbed  planet  will  each  have  its  own  instantaneous  plane. 

Let  us  now  put: — 
V,    the  longitude  of  a  planet  counted  from  a  determinate  point  in  the  instantaneous 

plane  of  its  orbit. 
V,   its  distance  from  the  node  of  intersection  of  its  own  orbit  with  that  of  another 

planet. 
y,  the  mutual  inclination  of  the  two  orbits. 
cr,   sin  ^  y. 

r,   the  radius  vector  of  the  planet. 
p,    its  logarithm, 

fi,  the  attractive  force  of  the  sun  upon  unit  of  matter  at  unit  distance. 
a,  the  mean  distance  corresponding  to  the  observed  mean  motion  of  the  planet, 

determined  by  the  condition 

m  and  n  being  as  usual  the  mass  and  mean  motion, 
flo)  the  value  of  a  corrected  for  the  constants  introduced  by  the  perturbations,  so 

that,  as  in  the  elliptic  motion,  we  have 

p  =  Ioga+/(?,e,o), 

we  shall  have  in  the  disturbed  motion 

p  =  log  Ofl  -\-f(J,  6,  cr)  -|-  periodic  terms  only, 
tti,  the  mean  distance  of  an  outer  planet,  whether  it  be  a  disturbing  or  disturbed 

planet. 
50,  the  logarithm  of  a, 

a,  the  ratio  of  two  mean  distances,  taken  less  than  unity, 
i?,  the  perturbative  fuflction. 
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Ji,  the  coefficient  of  any  term  of  —  R,  so  that  we  have 
rn' 

E  =  z cos  iv 

m'  being  here  the  mass  of  the  disturbing  planet. 
X,  the  mean  distance  of  the  planet  from  the  node,  or  the  mean  value  of  v. 
(0,  the  distance  of  the  perihelion  from  the  node, 
g,   the  mean  anomaly. 

I,    the  mean  longitude,  or  the  mean  value  of  v. 
-^,  the  angle  of  eccentricity  so  that  e^siuif'- 
rj,  the  radius  of  the  planet  in  the  undisturbed  ellipse. 
}'i,  the  quotient  of  r^  divided  by  the  mean  distance,  which  is  a  function  of  the 

eccentricity  and  mean  anomaly  only, 
T,  the  time  after  the  epoch  1850,  Jan,  0,  Greenwich  mean  noon,  counted  in  Julian 

centuries. 
V,  the  integrating  factors  of  the  periodic  terms,  or  the  ratio  ---,  iVbeing  the  change 

of  the  angle  in  unit  of  time. 
u,  the  eccentric  anomaly,  and,  in  the  tables,  the  argument  of  latitude. 
We  ha\*e  for  the  value  of  li 

Xi ^=z _.  -  — (cos V  cos v'-j-sin  v sin V cos  y) 

y  1^ — 3jt'  (cos  V  cos  V-l-sin  v  sin  V  cos  y)-\-i''''       ''' 

or,  if  we  suppose  r  replaced  by  its  value  in  p,  namely 
wc  shall  have 

li  =  VI  f  (v,  v',  p,  p',  )-). 

With  tliis  value  of  7?  it  is  well  known  that  the  differential  equations  for  the  longi- 
tude and  radius  vector  of  a  planet  are 

^  „  .2  -""""  -X.  ?iO_+_^  =  u  -  -  ■ 
''  d£'  di?  '^         r  '     ^p  '  ,j,. 

^  (Fv  dr  (Iv 6R 

If  we  multiply  the  first  of  these  equations  by  2  -  j*  and  the  second  Ijj  2  -^  and 
add  them  together,  putting,  for  brevity, 

^p  dt    '    <?v  dt 
and  then  integi'ate,  wc  shall  have 
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C  being  the  arbitrary  constant  added  to  the  integral.     Adding  this  equation  to  the 
iirst  of  equations  (1)  we  have 

Let  us  now  represent  by  r^  that  elliptic  value  of  r  which  satisfies  the  equation 

Subtracting  this  equation  from  the  last  we  have 

1  *'('■"-«-.') 


(i+.„)Ci-i)=„(2/^'.^*+^,^). 


in  which  no  constant  is  to  bo  added  to  the  integral,  and  both  sides  of  the  equation 
are  of  the  order  of  the  disturbing  forces.  As  there  is  a  decided  advantage  in  taking 
the  logarithm  of  the  radius  vector  as  the  variable  instead  of  )■  itself,  we  substitute 
for  the  latter  its  value 


and  put 
Then 


(l  +  2V  +  -j^5p^  +  etc.) 


i-i  =  -*  +  *"+etc. 

Substituting  these  values  in  the  above  equation,  carrying  the  development  only  to 
terms  of  the  second  order,  and  transposing  those  terms  to  the  right  hand  side  of  the 
equation,  and  putting  ii=^(\  -f-m),  we  find 

an  equation  which  gives  the  perturbations  of  radius  vector. 

The  general  mode  of  solving  this  equation  by  successive  approximation  is  familiar. 
The  principles  on  which  the  successive  approximations  are  made  being  the  same, 
we  shall  begin  by  assuming  that  we  have  obtained  first  approximations  to  the  values 
of  ^v,  Sv*,  5p,  ^p',  by,  and  that  from  these  we  wish  to  pass  to  a  second  approximation. 
We  must  first  carry  this  approximation  into  the  functions  of  li  in  the  second  mem- 
ber of  (4).  To  effect  this  we  must  show  how,  from  the  development  of  B  in  terms 
of  the  elements  and  the  time,  wo  may  form  its  successive  derivatives  with  respect 
to  the  quantities  which  enter  into  it.  R,  while  originally  a  function  of  v,  v",  p,  p', 
and  y,  is,  in  its  developed  form,  a  function  of  3,,  X,  a,  a,  e,  e',  »,  x),'  and  y,  the 
development  being  effected  by  substituting  for  the  first  set  of  quantities  their 
values  in  terras  of  the  second.     The  substitution  is  as  follows : 

y  =  ^  +  Fg, 

V=X+Fg;  (5) 

?=»  +  «. 
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Fg  being  the  equation  of  the  centre,  and  ^g  the  part  of  p  depending  on  the  eccen- 
tricity in  the  elliptic  motion.  It  follows  that  if  we  express  the  developed  expression 
for  jR  as  a  function  of  A,  ^,  g,  g',  »,  »',  which  we  may  do  by  putting 

a^X  —  g,  li  ^'/!  —  ^i 
a^c'f  a'  =  c"'; 

we  shall  have  by  successive  differentiation 


(6) 


dB  _  aB  Sy  _  dB 

ex  ~  ev  a  ~  "av~ 

e'B      e'B  ev      e'B 

ex'  ~  ev'  ex  ~  ev' 

eB      es  ef      en 
dn        ep    er>       ep 

e'B     e'B  ep      e'B 
0rf  ~  ep'  en  ~  ep' 

etc.           etc.          etc. 

and  in  general 

^.+.+»'+.-^         ^«+,+»-+..7j 

ex-e-o'ex'eii-'    evep^evep'^' 

Thus,  by  expressing  the  developed  R  in  the  above  form,  we  may  find  the  derivative 
of  any  order  with  respect  to  v,  V,  p  and  p',  by  taking  the  corresponding  derivative 
with  respect  to  ?.,  X,  »  and  t/. 

The  developed  R  is  usually  expressed  in  the  form 

R  =  -Z—  cos  (^X  4-  i%  +  i'u'  +  jo) 
a, 

a,  being  the  mean  distance  of  the  outer  planet,  whether  disturbing  or  disturbed, 
and  A  a  function  of  e,  e',  a,  and  y.  Substituting  for  u  its  value  in  g,  this  equation 
will  become 

B  =  2^cos  ((?+/)  X'  +  (»+j)^-iy -.,»). 


Putting  for  brevity 
the  formula  (6)  give 


iV=  iX  -\-  iX  +  jV  +  J") 
4^  =  _X^(.-+i)sin^ 
^,^=-Ai+if^o.N  (7) 


and  in  general 


^v"  ev^'  ep''  ep"' 

lCaroh,18T3, 


=  5  ±  ">'  (•  +  J  )"(•'+/)"'  - 


Hosted  by 


Google 


10  THE   ORBIT   OF   TRANUS. 

The  formation  of  the  derivatives  ia  the  second  member  of  this  equation  demands 
attention.  In  the  analytic  development  of  the  perturbative  function  each  value  of 
Ti  is  composed  of  a  series  of  terms  each  of  the  form 

Ex  A 

E  being  a  function  of  the  eccentricities  and  mutual  inclination,  and  A  a  function 
of  a  of  the  form 

(0)„-.S«.  +  (l)a-+L'J?  +  (2)„...^  +  etc.  +  a^=*?^^f,       (8) 
ea  oa,  da 

(0),  (1),  etc.,  being  numerical  coefficients  connected  with  the  coefficients  V^''  tabu- 
lated by  Le  Verrier,  in  Tome  I  of  his  Annales  de  I'Observatoire,  by  the  relation 

yvt 

and  h'^^  being,  as  usual,  the  coefficient  of  cos  i^  in  the  development  of 

(1— 2acos^  +  a0-* 
in  multiples  of  cos  ^,  and  n  —  1  the  sum  of  the  exponents  of  the  eccentricities  in  E. 
It  would  have  been  much  more  convenient  if  in  effecting  this  development  the 
derivatives  of  V-f  had  been  taken  with  respect  to  »  instead  of  a.     In  fact  the 

derivative when  expressed  in  terms  of  the  derivatives  witli  respect  to  to  is  of 

the  form 

"•^r^    ~  "i  — 1      -f 'ia  ^TT"  +  <^t<'-  +  "«  ^T-^ 
.5a" ,  (5o     '         dfr    '  '      '  c'n" 

Therefore,  when  expressed  in  terms  of  the  derivatives  with  respect  to  v,  A  will 
be  of  the  form 

c-'((oyj'?  +  (iy^  +  (2r-^  +  etc.), 

etc.,  may  be  found  with  great  facility. 

As  in  the  actual  developments  of  R  which  we  possess,  the  values  of  A  are  given 
in  the  form  (8),  we  must  find  the  expression  for  the  first  two  derivatives  of  its 
several  terms  with  respect  to  »,  which  we  easily  do  by  the  application  of  the  sym- 
bolic formulEe 

D%  =  a(p.  -\-aD\). 
Beginning  with  the  case  oi  8^=1,  we  have 

d'o  da 

&o  da  oa^ 
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\       da-J  .  e'bf  ,     .^,  S'  +  't'f 

(5»  (5a  ^a  + 


,2  /  .  0  l>',\ 


consequently  we  have  for  the  derivatives  of  A  from  formulEe  (8) 

(9) 

The  derivatives  of  A  being  formed  in  this  way,  those  of  7t  arc  immediately 
deduced  from  the  equations 

dv  on 

ffh   _^„fA 

et>'  '~^    d7>' ' 

When  s  is  equal  to  |,  A  is  of  the  form 


a  I  (0') 


fiUi]  MO) 

lf  +  (l)'a-P-  +  (Sya'|i  +  etc. 


The  quantity  within  parentheses  is  of  the  same  form  with  A,  in  the  case  of  « :==  ^. 
If  we  represent  it  by  A'  we  shall  have 

A  being  the  same  form  with  A,  the  derivatives  ^— —  and  -—-^  will  be  of  the  form 
°  drt  dTT 

(9),  substituting  |  for  the  index  |,  and  (0)',  (1)',  etc.,  for  (0),  (1),  etc. 

In  the  case  of  s  =  ^  the  derivatives  are  obtained  in  the  same  way,  which  is  too 
simple  to  need  elucidation. 

We  have  now  to  pass  from  the  derivatives  of  Ji  to  those  of ,  the  coefficients 

of  the  perturbative  function.     The  form  of  these  derivatives  will  depend  not  on 
whether  the  planet  is  disturbing  .-or  disturbed,  but  on  whether  it  is  an  outer  or 
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inner  one.  Let  us  then  suppose  for  tlie  present,  that  a  and  »■  refer  to  the  inner 
planet,  and  put  »[  for  the  logarithm  of  the  mean  distance  of  the  outer  one.  We 
then  have  for  the  derivatives  relatively  to  » 

Oj        1    a'h 
and  for  the  first  derivative  relatively  to  »,  using  the  symbolic  notation, 

— ^  =  — (z>„,  —  V}h. 

The  symbols  in  the  second  member  being  distributive,  we  have  by  successive 
differentiation 

The  quantity  ^  is  a  function  of  a,  the  ratio  of  the  mean  distances  or  of  (7"  — 'i,  0 
being  the  ncperian  base.     Hence 

Z)„j/i  ^  —  DJi, 
which  substituted  in  the  last  equation  gives 

aj),>  a,      '^    '^    ' 

This  formula  gives  for  the  first  two  derivatives 

a- 

i9»,  a,  \      'On' 


e-A 


d'o^ 


i'^+'t+l^)- 


Substituting  in  the  general  formula;  (7)  these  expressions  for  the  derivatives 
relatively  to  »  and  v^  we  have  expressions  for  the  derivatives  of  E  relatively  to 
V,  V,  p,  p',  it  being  understood,  however,  that  all  the  quantities  are  expressed  in 
functions  of  the  elements  of  elliptic  motion. 

In  order  to  compute  the  perturbations  of  the  second  order  we  must  carry  H  and 
such  of  its  derivatives  as  enter  into  the  differential  equations  (1)  to  quantities  of 
the  first  order  with  respect  to  the  perturbations.  Let  us  then  represent  by  Vn,  v^', 
Poi  Po7  y^  t^''  elliptic  values  of  v,  v",  p,  p',  and  y,  which  we  have  assumed  in  the 
first  approximation  t^  the  perturbations,  and  by  hv,  5v',  etc.,  the  quantities  to  be 


Hosted  by 


Google 


THE   OKBIT   OF   HBANtTS. 


added  to  v^,  v^',  etc.,  to  make  tlie  true  values  of  v,  v',  etc.,  whether  perturbations  or 
corrections  of  the  elements.     We  shall  then  have 


SB  = 


Sv  + 


Sv'  + 


SB, 


S'B,    s      ,      a'R, 

-^hv  + 5_ 

5po(5Vo  d^^V, 


W+- 


ef. 


h  (11) 


The  value  of  D\R  may  be  found  either  by  equation  (2),  or  by  differentiating  with 
respect  to  the  time  as  introduced  by  the  co-ordinates  of  the  disturbed  planet. 
When  quantities  of  the  first  order  only  are  considered  the  latter  operation  is  very 
simple,  but  it  is  different  when  terms  of  the  second  order  come  in,  because  the  true 
longitude  of  the  planet  is  then  expressed  in  terms  not  only  of  its  own  mean  longi- 
tude, but  also  of  the  mean  longitude  of  all  the  disturbing  planets.  The  result  can 
still  be  obtained  in  the  same  way  by  separating  all  the  mean  longitudes  introduced 
by  the  co-ordinates  of  the  disturbed  planet  from  those  introduced  by  the  co-ordinates 
of  the  other  until  after  the  differentiation  relatively  to  t'. 

Let  us  now  resume  the  equation  (4),  representing  its  second  member  by  fi  Q,  so 
that  it  becomes 

where 


(12) 


dC 


By  the  operations  already  given  Q  has  become  a  known  function  of  the  time. 

It  is  well  known  that  the  integration  of  (12)  may  be  effected  by  finding  two 
values  of  r^^^p  which  satisfy  this  equation  when  the  second  member  is  neglected, 
or,  in  other  words,  by  finding  two  variables  x  and  y  which  satisfy  the  equations 


x  =  0. 


yjxQdt—xj'yQdtX. 


when  the  required  integral  is 

"    "  ■      dy        dx 
'^dt~ydt 

The  above  differential  equations  are  satisfied  by  the  rectangular  co-ordinates  of  the 
planet  in  its  assumed  elliptic  orbit.  The  position  of  the  axes  of  co-ordinates  being 
arbitrary  we  shall  take  the  line  of  apsides  for  the  axis  of  X,  the  perihelion  being 
on  the  positive  side.     If  we  put 

Co  :=  sin  T^/, 
we  have 


_dy 


~y 


dt 


=  l/a^(l  -j-)w)cosiJ/ 


ff  (1  4"  w)cosi^ 
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Let  us,  for  convenience,  replace  x  and  y  by  two  other  variables  ^  and  >?  connected 
with  them  by  the  equations 

9/  =  ay!  cos  4'. 

^  and  jj  are  then  functions  of  the  eccentricity  and  mean  anomaly  only,  and  may  be 
developed  according  to  the  multiples  of  the  latter.  Substituting  the  last  three 
expressions  in  the  preceding  value  of  r^^Sp  it  becomes 


■,'l>f  =  ^^^{l pQdt-kflQdt  |. 


1  + 

If  we  put  r^  for  the  value  of  r^  when  the  mean  distance  of  the  planet  is  put  equal 
to  unity,  so  that  r^,  like  g  and  ri  contains  only  the  eccentricity  and  mean  anomaly, 
we  shall  have 


^?=rt^{  vfiaQdt-^fmQdt  I  (13) 


"1  + 

We  must  now  express  ^  and  >;  in  terms  of  the  time,  or  of  the  mean  anomaly. 
Putting  for  the  present  u  for  the  eccentric  and  v  for  the  true  anomaly,  we  have, 
by  the  theory  of  the  elliptic  motion, 

x^r  cos  V  =  a  (cos  u  —  e), 
y  =  T  sin  V  =^a  cos  -^  sin  u, 
from  which  follow 

^  =  cos  11  —  e, 
y;  ^  sin  u. 

As  ^  and  y;  are  to  be  expressed  in  the  form 

^  =  |2i);Cos%, 
n^l'S.qt  sin  i(j, 

the  finite  integrals  extending  to  all  values  of  i  from  — oc  to  -|-qc,  we  shall  deduce 
general  expressions  from  p^  and  q^  arranged  according  to  the  power  of  the  eccen- 
tricity.    Since 

u^g  -{-  e  sin  u, 

we  have  by  Lagrange's  theorem 

.  ,  e^  (9  sin' (7        e'^^sin'o        , 

cos  u  =  cos  a  —  e  sm''  a .. --^  —  etc. : 

•'  -^        2!      .5(/  3!     ^/ 

or 

n=tc  gn   ,5''~'sin''"'"'<7 

cosM— —  2    -j^^-^-z^ — - 

rt!^  1.2.3 n=r{n-^l). 

0!^1!=:^L 


using  the  notation 
We  then  have 
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Substituting  in  the  general  term  of  the  above  series  for  sin  g  its  value  in  imaginary 
exponential  functions 

2  sin  ^  ^  -/^T  (e-?v/^i  —  e^^^^i) 
we  find  by  the  binomial  theorem,  using  the  notation  of  combinations, 
p n(n  —  1) («  —  s-|-  1) n\ 

2''  +  isin''  +  'o  =  (l/=l)"+'  I  c-c+Di?  ''-1—  C'c-''-'>»^^+  C/c-"'-^*'''''^—  .. .. 
+  (  - 1)"  C'c'"-»^''=^  +  (-  1)"+V"'«'"'^  I 

n+l  i 

Differentiating  n  —  1  times  with  respect  to  (/,  and  putting  together  the  first  and 
last  terms,  the  one  after  the  first,  and  that  before  the  last,  and  so  on,  we  find 

_  2'H-i  ^""'sin"+V  ^  f „  _|_  1  )»-i/c(»+i)i?>^  _(_  c-i''+"i'  •'^j 
~C(n~  1)"-^  (c'"-')s»"^  4-  (-("-1)9 1'-^)  _|_  etc. 

n+l 

Substituting  for  the  exponentials  their  values  in  circular  functions,  and  dividing 

by  2"+^  we  have 

^^^-^  ^  _  1     f  ^j„_,  ^^^  ^^^  _^  j^^  _  1,^^^  _  ^j_,  ^^^  ^^  _  J j^ 

«9(^''  2"    I.  «+i 

1    CCn  — 3)'^^cos(«.  — 3)(7— etc.  I 
«+i  J 

the  series  terminating  at  the  last  positive  coefficient  of  g.  Substituting  this  last 
value  in  the  general  term  of  the  scries  which  gives  cos  u,  we  have 

cos«=  2    -—-i  (n-\-iy~^cos(n-\-l)a  —  C(n  —  iy--'-cos(n—l)g-\'etc.    V 
n=o  n!2"  I  «+i  i 

Let  us  now  substitute  for  n  another  variable  i,  putting  in  the  first  term  of  the 
last  factor  i  =  n  -f  1,  in  the  second  *  =^  n  —  1,  in  the  third  i  =  n  —  S,  etc.  The 
limits  of  finite  integration  with  respect  to  i  will  then  be 

in  the  first       term,  -}-T-  to  +0C) 

in  the  second  term,  — 1  to  -\-cc, 

in  the  third     term,  — 3  to  +oc, 

etc.  etc. 

But  all  the  coefficients  of  g  will  tlien  be  i,  and  the  formula  supposes  the  factor  of 
cos  ig  to  vanish  whenever  i  is  zero  or  negative;  whence,  those  elements  of  the 
finite  integral  in  which  i  is  negative  must  be  omitted,  and  all  the  terms  must  be 
taken  between  the  limits  +  1  and  +  oc.  Making  the  proposed  substitution  we 
have 
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16  THE   ORBIT   OF   URANTIS. 

«°^"4"  {(J3{^.''-■-(i+^.£»'*■+(^W^?r-'=''=•}  "°"> 

=  ,5.  (i-l)!2'-'  i  ^  ~  2>l(i+i) S  +  2'i(i+l)(i+3)(i+3).£~  "'"■  1  ''°''  *^ 
We  have,  therefore,  for  all  values  of  i  different  from  zero 

^■=^— (i^^I)T2^4^-.?.'F(i+iy  +  g.  2-(.-+l)(;+2)(i+3)-°'°-}  '"> 

To  obtain  the  value  of  ^„  we  remark  that  the  only  constant  term  in  cos  u  arises 
from  the  term — esin^g;  its  value  is  therefore — |e.  The  constant  term- in 
^  ^  cos  M  —  e  is  therefore  |  e,  whence 

p,  =  — 3e.  (15) 

The  values  of  Qi  may  be  obtained  in  a  similar  way  by  developing  sin  u  by 
La  Grange's  theorem.  But  the  development  is  rather  more  complex,  and  it  is 
easier  to  derive  them  from  pf.     Let  us  take  up  the  equations 

^  =1  cos  M  —  e 

v]  :^  sin  u 

u  —  e  sin  u^g 

Considering  u,  like  ^  and  v;,  as  a  function  of  the  independent  variables  e  and  g,  we 
have  by  differentiation 

Su       d  (e  sin  u) 


(a) 


Comparing  (a)  and  (l) 


de 

Be 

Bu 

a  (a,) 

sintt 

Se 

Be          1- 

—  e  cos  M 

Su 

1 

en 

1  —  e  cos  M , 

du 

.      du 
Bg 

B(du_ 
BuBg~ 

«£ 
fg 

3(ey,) 

Be 

Si 


(S) 


Putting  in  this  equation  for  ^  and  v}  their  developed  values  this  equation  becomes 

■^  ■      ■    ■        T  <5  (o7f)    .     . 

2  iPi  sm  ig  =2,  — ^-^tn.  sin  ig 
de 

which  gives  by  equating  the  coefficients  of  sin  ig 

q.  =  ifp,de.  (16) 
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Th«  following  are  special  values  of  p^  and  (/„  developed  to  the  sixth  power  of 
the  eccentricities,  as  derived  from  the  preceding  formulae : 
^0  =  —  3e 

_3  .       45  667    , 

*'-g'''~l28'  +6120' 
1  ,      6    , 

_125  ,_43T5  , 
■^'"384"  ~92i(j' 

_  16807  , 
■'''~  46080" 


'  + 


(16)' 
1     ._   J^_  , 
192"       9216" 


_3  ,       27    ,       243 
*-8"  ~128"  +5120 

2«=3<^^15'' 

_125  ,_3125 
*'~384"  -9216 

27  , 
S"=86" 

_1680j; 
*'^  46  080 
Having  the  developed  ^  and  yi  in  terms  of  time,  let  us  resume  the  equation  (13). 
As  only  purely  linear  operations  arc  performed  on  Q  in  this  equation,  it  follows 
that  if  we  represent  its  several  parts  by  ft,  §2,  etc.,  and  by  ^pi,  ^pj,  etc.,  the  values 
Sp  obtained  by  putting  Q  =  Q^,  Qz=  ft,  etc.,  we  shall  have 

5p  =  §pi  +  ^P2  +  etc. 
We  have,  therefore,  only  to  -find  the  separate  values  of  r^h^  corresponding  to  the 
diiferent  terms  of  Q,  and  to  take  their  sum.     Let  us  then  represent,  as  before,  by 


-  *  cos  (W  +  A  +/J  +ja) 


any  one  term  of  R. 

3      April,  1873. 
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We  then  have,  considering  only  terms  of  the  first  order  with  respect  to  the  dis- 
turbing forces, 

m'ihn    •     xr 


DiR  = 

m 

■^^m 

JV, 

«i 

JD\R  = 

m'ihi' 

cosiV^; 

SB 

.A 

,      a. 

COS  AT; 

n 

where  we  put  for  brevity, 

in'  -|~  in 

N = iix + a  +/w  +  j(j. 

Let  us  represent  by  Q^  the  terms  in  Q  wliich  are  of  the  first  order  with  respect 
to  the  disturbing  forces,  so  that  we  have 

The  general  term  in  R  will  then  give  rise  in  Q^  to  the  term 

f  ^—1 

Wi'      ^ihv  _.        «i      cosiV. 

I  ^T'  +  ~&^  J 
In  the  ease  of  the  action  of  an  outer  on  an  inner  planet  this  expression  becomes 

—  (2ii'S  +  --')cosJ\^; 
while  in  the  contrary  case  it  is 

%  \  dri  / 

both  derivatives  being  taken  with  respect  to  the  logarithm  of  the  mean  distance 
of  the  inner  planet. 

In  the  integration  it  will  be  more  convenient  to  substitute  for  X  and  X  the  mean 
longitudes  counted  from  the  perihelion  of  the  disturbed  planet.     If  we  put 

the  angle  JV  will  become, 

iV  +  ig  +/«'  +  (i  -[-  a  -\-j)  o. 

Since  corresponding  to  each  set  of  values  of  i'  and  i  there  are  several  values  off  and 
J,  it  will  be  convenient  in  the  numerical  computation  to  combine  these  diifcrent 
terms  into  a  single  one,  because  after  forming  the  derivatives  of  H  there  is  no  need 
that  [J,  u'  and  the  othej  elements  should  appear  in  an  analytical  form.     If  we  put 
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THE   ORBIT   OF   UUANTJS.  19 

Ic  for  the  coefficient  of  —  cos  N  in  the  preceding  general  term  of  Q„^  this  term  will 
become 

a  ^       ^ ^  ^^^  ^^'^  +  (i'  +  i  +i)  o]  cos  \i!l'  +  irj} 

—  —h  sin  [yV  +  (i'  +  i  +  J) o]  sin  [iT  +  i</J 

If  we  put 

h,  =  X7c  cos  [jV  +  (i'  + 1  +i) «], 
/.,=.27.sin[/«'+(i'  +  i+y>.], 

the  sign  2  being  extended  so  as  to  include  all  values  of  j  and  J'  which  correspond 
to  the  given  values  of  *  and  i',  we  shall  have  for  the  general  terms  of  Qt, 

—  Ik,  cos  {i't  +  ig)  +  k,  sin  ('iY  + 1^)  |  , 
or,  when  we  represent  the  angle  i'l'-\-  irj  by  N^ 

Q^^'^\  Je^  cos  iV;  +  At,  sin  N^  \  . 

This  we  are  to  combine  with  the  values  of  ^  and  yi 

in  the  general  integral  formula  (13).  If  we  substitute  them  m  this  formula,  and 
represent  by  [i  the  coefficient  of  t  in  the  value  of  iV  we  shall  have  to  integrate 
differentials  of  the  form 

COS  \  / 

in  which  the  coefficient  of  the  time  t  in  the  angle  is  /i  +  in.  Let  us  represent  by 
V,  the  integrating  factor 

}i 
IL  -\-  in 
The  formula  (13)  will  become  by  these  substitutions,  which,  though  a  little  comr 
plex,  offer  no  difficulty, 
„  1       m'ar-C^   +  ■= 

^       I6ai(l-|-m  _J;.-'  -^  '■■' 

\  \v^-v^\  l/':.cos[iV,+(i+y)3]+Z;,sinti\r,+(*4-i)ff]i  1 
I  +\v^i-v^\  lfc„cos[i^,+(*-j)j/]+/..sin[i^,+(i-i)3]|  I 
I  Mn^-^-A  \K^'^^{.N,-~{i^j)g-]^hz\nlN,-{i-j)g-]\  | 
[J^\v^,~v^\  \Kco^iN,-{i+3)g-]-^h^m[N,-{i+j)g-]\  J 

The  sign  2  of  finite  integration  here  includes  the  separate  combination  of  every 
value  of  *  with  every  value  of  j,  except .  those  combinations  which   make  the 

*  The  indices  i  and  j,  in  these  e(juations,"are  not  to  be  confounded  with  tlie  coefficients  of  n,  and  « 
ia  tlie  general  terms  of  A  and  Q.    We  need  not  use  the  latter  at  p 
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30  THE    ORBIT   OF   TJRANTJS. 

coefficient  of  the  time  under  the  sign  sin  or  cos  vanish,  and  so  render  the  corro 
spending  value  of  v  infinite.     These  cases  have  to  be  treated  separately. 

To  find,  from  the  expression,  the  coefficient  of  the  sine  or  cosine  of  cosine  Ki-\-  ug 
in  r,^Sp,  we  put,  in  the  four  lines  of  this  equation,  as  follows: 

In  the  first,  i -{-j  =  u  .' .  j=:       u  —  i 

"        second,      i  — j t=u  .■ .  j=^       i  — u 
"       third,    —  i-^j:^u.'.j^      u-\-i 
"       fourth,  —  i  — j  =u  .•.  j^  —  u  —  i. 
In  the  above  expressions  i  and  j  being  independent,  and  including  all  values 
from  — oc  to  -j-oc,  i  and  u  will  also  be  independent,  and  include  the  same  range 
of  values.     Substituting  for/ its  value  in  it  the  coefficient  of 

—    ,        '^    [Jc.  cos  (Ni-i-uq) -\-Ic.  sin  (N,4-uq)'] 
becomes 

•i>-n     ) 
—  ni^i) 

V-i     ) 

Since  5j  ;=  —  5_j  this  expression  reduces  immediately  to 

"  I  -{- Pi  9ii+u)  (■"(.+<)— r-i    ), 

or,  substituting  i  —  u  for  i  in  the  second  line 

22  Ci>,3((-,o  +  Pii-^)Sd  (^i  —  ^..--)- 
Hence,  writing  JV  instead  of  iVi, 

This  expression  fails  for  the  particular  case  iV^  ug,  where  the  value  of  !-_„  will 
be  infinite.     If  we  take  each  term  of  Q  of  the  form 

-  -  (^c"'  cos  ug  4-  Z;^"'  sin  tig), 

and  substitute  in  the  general  expression  (13)  it  will  be  found  that  the  terms  in  j-i^^p 
which  have  the  infinite  values  of  ]■  as  a  factor  are  to  be  omitted,  and  replaced  by 

*■'>  =  *  oTo?^  l,2i,,.i?l-fJs.««5  (20) 

The  two  parts  of  r^^hp  thus  found  include  all  the  terms  of  the  first  order  with 
respect  to  the  disturbing  forces.  But  when  terms  of  the  second  order  are  taken 
into  account,  we  shall  find  terms  in  Q  proceeding  from  secular  variation  in  which 
the  time  appears  as  a  factor,  outside  the  signs  sin  and  cos.  Let  us  represent  such 
of  these  terms  as  depend  on  any  angle  N  by 

Q  =  !^  (k,  cos  iV"+  h,  sin  N) 
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and  use  the  symbol  vi,  as  before,  to  represent  the  ratio  of  the  mean  motion  of  the 
planet  to  the  coefficient  of  t  in  the  angle  N-^i^,  so  that  if  ^'  represents  the 
coefficients  of  (  in  JV  we  have 


we  find  the  expression 

/{ Qdt=  ^ -'?^  I  (v,'l;  —  v,h.nt) cos  (N+  ig)  +  (vi, k,  —  v_J.:nl)  cos  (iV  —  ig) 
{vfl;  -J-  v,l,nt)  sin  (N+  ig)  +  (,-i,  it,  +  »_,«■.«()  sin  (N—  ig)  1 

/>,  Qdt  =  ^  "'  ^ii  I  (vj'k,  —  vfc,n()  sin  (N+jg)  —  (>4,i,  —  j._,i,aO  sin  (N—jg) 

-  (.•;/;.  +  v,hnt)  cos  (iV+iy)  +  (»i,J.  +  r_/-.n()  cos  ( JV-yy)  |  . 
If  we  now  put  for  brevity 

the  general  value  of  j'o^^p  becomes 

^P  =  i(i«,(l+.n)  ^ 

f       (c,  -c,  )cos(iV+(i+/)i7)  +  (»,    -»,.  )sin(.V+(;+y)y)  l 

I   +(«,  -<!-j)<:os(iV+(i-i)s)  +  (»_,-.,.)sin(iV+(i-y)y)  I 

^*    I   +(%-<!-.)  cos  (.¥-(; -J).,) +  (._.,-._,  )sin(iV-(i-y)ji,)  f 

L  +(«-.-''-.>»s(A'-(»+i)ff)  +  (»-^-»-i)sin(A'-(j+j)5r)  J 

If,  as  before,  we  transform  this  expression  by  putting 

in  the  first        line    j ^u- 


in  the  second     ' 

y= 

—  u 

in  the  third        ' 

y= 

+  u 

in  the  fourth      ' 

J  = 

■ —  u 

the  value  of  - 

iSp  reduces  to 

1       m!a 

■^' rrr-7 ,-  V 

8  a,(l+m) 

~'''  t  PiSc+i)  (<=(.  n)~0  "OS  (*'+  »»)  +J'«.ti)  («i— «(.+!))  sin  (A^H-»y)  i 
or,  putting  i  —  w  for  i  in  the  last  line, 
1     m'tti'T"'     ,, 

-i  !i'«,.-i)~l'i.-i.«<i  K"i— e— "J  <=os  (jV+i/!;)  +  (»,~»._,)sin(.¥+t(jf)i; 


(21) 
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22  THE    ORBIT   OP   URANUS. 

to  which  expression  is  to  be  added,  in  lieu  of  the  terms  which  will  have  ii.liiiite 
values  of  r  as  a  factor. 

A'"' and  Z;'"' being  the  factors  of  — «(  cos  ««  and  -  -  «f  sin  ug  in  the  expression 
for  Q.  '  ' 

The  formulge  19,  20,  21,  and  22  give  the  complete  expressions  for  the  perturba- 
tions of  the  logarithm  of  radius  vector  by  successively  substituting  in  it  all  the 
terras  of  Q. 

Periurhutions  of  Lotigitade. 

We  now  pass  to  the  perturbations  of  longitude.  In  the  Mecaniqne  Celeste 
(Premiere  Partie,  Liv,  ii.  Chap,  vi.),  Laplace  gives  an  equation  (Y)  by  which  the 
perturbations  of  longitude,  which  are  of  the  first  order,  may  be  derived  from  those 
of  the  radius  vector  without  the  formation  of  any  other  derivatives  of  R  than  those 
which  enter  into  Q.  But  the  formula  does  not  seem  easily  adapted  to  the  case  in 
which  the  perturbations  of  the  second  order  are  taken  into  account,  we  shall 
therefore  derive  all  the  perturbations  of  longitude  from  the  second  of  equations  (1). 
By  integration  this  equation  gives 

G  being  the  arbitrary  constant  of  the  integral.  Representing,  as  before,  by  sub- 
script zeros  the  values  of  the  co-ordinates  corresponding  to  the  ellipse  to  which  the 
orbit  is  supposed  to  reduce  itself  when  the  disturbing  forces  vanish,  we  have 

dVf,      a^MCOSil' it.G 

~di  ~  ~  r}       ~   rp 
because  the  constant  to  which  the  integral  must  reduce  itself  in  the  elliptic  motion 
n.  cos 

V  —  Vd  =  hv,  we  find 

dU       ft   rSE  7,  I   / 1        1  \    2  , 

Developing  -  -  to  terms  of  the  second  order  with  respect  to  the  disturbing  force 

T 

J,  =  i,(l-28p  +  2V-etc.), 

which,  being  substituted  in  the  last  equation  by  putting 


which  is  rigorous  to  quantities  of  the  second  order. 
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The  most  convenient  mode  of  making  the  numerical  computation  of  the  second 
order  terms  by  means  of  this  equation  will  depend  upon  cireumstances.  If  the 
perturbations  of  longitude  and  radius  vector  of  both  planets  are  already  known  with 
a  sufficient  degree  of  approximation  for  the  computation  of  formula  (1 1),  it  will  be 
more  convenient  to  form  at  once  the  complete  values  of  all  the  quantities  which 
enter  into  the  equations  (12),  (13),  (19)  to  22),  and  (23),  so  that  no  steps  of  the 
process  shall  have  to  be  repeated.  If  such  perturbations  are  not  known,  they 
must  first  be  computed,  and  it  will  then  be  necessary  to  begin  with  the  perturba^ 
tions  of  the  first  order,  and  afterward  add  those  of  the  second.  There  is,  how- 
ever, one  class  of  terms  of  the  second  order  which  it  wiU  be  most  convenient  to 
take  account  of  from  the  beginning,  namely,  those  arising  from  the  constant  term 
in  ^p  and  ^p'.  This  is  effected  by  correcting  the  mean  distances  for  an  approximate 
value  of  these  constants  at  the  beginning  of  the  computation,  and  then  proceed- 
ing in  the  usual  way.  This  is  in  fact  what  we  have  supposed  to  be  done  in  the 
preceding  investigation.  The  values  of  ^v,  oV,  ^p,  5p'  in  formula  (11)  will  then 
contain  only  periodic  terms. 

In  computing  the  terms  of  the  first  order  we  determine  the  value  of  5p  from  the 
equations  (19)  and  (20),  using  the  value  of  Q^  in  (18).  Then  those  of  Iv  are 
obtained  by  integrating  the  equation 

at        1  -j-  OT*'    c'v  ^  r/  ^ 

Having  found  the  values  of  hv  and  ^p  for  both  planets,  they  are  to  bo  substituted 

in  (11),  to  obtain  hR,  h and  h .      But,  rigorously,  5t  and  hf  are  not  the 

dv  So 

same  with  hv  and  Sw',  owing  to  the  movement  of  the  orbits  of  the  planets,  and  the 

corrections  for  hy  are  also  to  be  added.     Considering,  for  the  present,  only  the 

perturbations  of  the  second  order,  which  depend  on  Iv,  li^,  5p,  and  ho',  wo  may 

use  the  following  equation  for  hRy  and  similar  ones  for  its  derivatives : 

SR  ^         SR  ^         6R  .     ,    dR  ,  ,  ,... 

Having  thus  found  hR,  and  hence  D'f^R  by  difi^crentiation,  and  then  5  -"^  - ,  we  form 
the  quantity  P 

&R_1  d'iTo'^f) 


„r     ,    ,      .  oic     i(/-{?-(,'c)p^)     ,  dp* 

3/z)VM  +  J^--^-L"J^  +  J^  (26) 


which  is  the  difference  between  the  value  of  Qo  in  (18)  and  that  of  Q  in  (13), 
The  terms  in  So  arising  from  SQ  are  then  to  be  computed  by  the  formulae  (19), 
(20),  (21),  and  (22),  when  we  shall  have  5p  accurate  to  quantities  of  the  second 
order.  Let  us  represent  these  additional  terms  by  d*p.  Subtracting  (24)  multi- 
plied by  j-i'  from  (23),  recollecting  that  the  ^p  which  appears  in  the  second  term 
of  the  former  is  really  5p — Pn,  we  find,  neglecting  quantities  of  the  third  order. 


■■  |J^^_<;i_2^p/^^?rfil  -2«cosi(5*p-V) 
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from  which  the  terms  of  ^v  of  the  second  order  are  obtained  by  multiplying  by 
r,~~^  aiid  integrating. 

Motion  of  Vie  Orbital  Planes. 

The  general  theory  of  the  motion  of  the  planes  of  reference,  especially  of  the 
motion  of  the  instantaneous  orbit,  has  been  so  often  treated  that  I  can  scarcely 
hope  to  add  anything  essentially  new  to  it.  1  shall,  however,  endeavor  to  pre- 
sent the  differential  equations  of  the  motion  in  a  simple  and  general  form,  and 
one  in  which  the  geometrical  conceptions  of  the  problem  shall  be  made  as  clear 
as  possible. 

ITie  orbital  plane  of  each  planet  being  at  each  moment  osculatory  to  that  part 
of  the  orbit  which  the  planet  is  actually  describing,  its  only  motion  is  one  of  rota- 
tion around  the  radius  vector  of  the  planet  as  an  instantaneous  axis.  This  rota- 
tion may  be  resolved  into  two  others  around  any  pair  of  rectangular  axes  fixed  in 
the  moving  plane.  But  the  rotation  produced  by  any  one  planet  is  most  simply 
expressed  when  referred  to  axes,  one  of  which  coincides  with  the  common  node  of 
the  two  orbits.  The  rotation  produced  by  each  separate  planet  must,  therefore,  be 
first  referred  to  its  node  on  the  moving  orbit,  and  then  the  combined  rotations 
must  be  resolved  into  two  around  axes  assumed  at  pleasure.  To  effect  this,  let  us 
suppose  positive  rotation  around  an  axis  to  be  such  that  an  obseri'er  looking  from 
the  origin  along  the  positive  direction  of  the  axis  sees  the  right  hand  side  of  the 
plane  move  downwards,  and  the  left  hand  side  upwards.  Let  us  also  denote  the 
first  axis  in  the  order  of  longitude  the  principal  axis,  or  that  of  X,  and  that  90° 
farther  advanced  the  secondary  axis,  or  that  of  Y.     Let  us  now  put 

dq,  the  instantaneous  rotation  around  the  axis  of  X; 

rfp,  the  instantaneous  rotation  aroimd  the  axis  of  Y.  Let  us  also  put,  relatively 
to  any  disturbing  planet, 

dy;,  the  instantaneous  rotation  around  the  ascending  node  of  the  disturbing  planet 
on  the  orbit  of  the  disturbed  one. 

dk,  that  around  the  corresponding  secondary  axis. 

Then,  from  the  known  equations  for  the  perturbations  of  the  inclination  and 
node  of  an  orbit,  we  find,  that,  if  any  term  of  the  perturbative  function  be  repre- 
sented, as  before,  by 

cos  (i,'X-\-%?i.-\-fij'-\-Ja), 

the  differential  rotations  y;  and  k  will  be  given  by  the  equations 
dy;  m'h    an      f  1 

*  =  -  ST  cos  ^;  i  ('  +J')  ™' »- + ('  +■»') "'"""'  y  I  ™  ■J' 

dk  m'an    6h        -,t 

--  — —  -  cos  iv. 

dt  0|  cos  '^i  oy 

As  i2  is  actually  developed,  the   mutual  inclination  y  docs  not  explicitly  appear, 
but  is  replaced  by 
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Making  this  substitution,  and  putting  also 

these  equations  become 


*      %  cos  +  cos  Jy  (  2(j  ^  ^   ^■^        1 


(27) 


dt  'Zay  cos  i/- 


To  pass  to  the  geueral  rotations  rip  and  dq,  let  us  represent  by  9i,  fla,  etc.,  the  lon- 
gitudes of  the  ascending  nodes  of  the  several  orbits  of  the  disturbing  planets  on 
that  of  the  disturbed  planet.     We  shall  then  have 


;^  =  2cosO,*'  +  Ssme.<^. 
dt  dt    '  dt 


(28) 


These  equations  completely  define  the  instantaneous  motion  of  the  orbital  plane. 
They  cannot,  however,  be  rigorously  integrated  in  their  present  form  because  p 
and  q  as  integrals  have  no  completely  defined  signification.  To  do  this  it  is  neces- 
sary to  express  the  differential  rotations  dp,  dq,  etc.,  in  terms  of  the  differentials 
of  any  elements  we  may  select  to  define  the  position  of  the  orbital  plane,  and  then 
to  integrate  the  equations  thus  formed.  But,  for  the  purpose  of  constructing  tables 
of  the  planets  we  may  consider  p,  q,  etc.,  to  represent  small  rotations  of  the  planes 
of  which  the  powers  and  products  may  be  neglected,  and  the  integration  is  then 
quite  simple. 

Periurbaiions  of  tJte  second  order  depending  on  the  motion  of  the  orbital  planes. 
R  being  a  function  of  the  five  quantities  of  r,  )■',  v,  v',  and  y,  the  motion  of  the 
orbital  planes  introduces  terms  of  the  second  order  by  changing  the  values  of  v,  V, 
and  y.  These  terms  we  have  hitherto  neglected.  To  investigate  them  let  us  refer 
the  rotations  of  botli  planes  as  given  by  (28)  to  the  node  of  the  disturbing  on  the 
disturbed  planet  as  the  principal  axis.  If  we  represent  by  d-/;,  dk,  dyf,  and  dU  the 
rotations  corresponding  to  this  axis,  and  designate  by  the  subscript  1,  the  quantities 
which  refer  to  the  disturbing  planet  whose  action  we  are  considering,  and  by  2,  3, 
etc.,  the  other  planets,  the  equations  (28)  will  be  replaced  by  these 

dr        dy>,     ,    „  ,n  ,  ,    (?)7j         ^     ■     ,n         o  ^   "^"' 

dk       dki    ,  ^        ,.  .  dl\    ,  ^    ■    ,/i        a\  '^^i 

dt=-dt+-'°'' C' -  »■'  -df+^  ""  (»' - "'^ "*  • 

the  summation  commencing  with  i  ^  2. 

By  formulsE  of  the  same  kind  we  are  to  find  the  differential  rotations  dy;'  and 
d¥  of  the  orbit  of  the  disturbing  planet,  produced  by  the  action  of  all  the  planets. 
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These  rotations  "will  be  around  the  same  principal  axis  with  the  rotations  d-/i  and 
die,  but  around  a  secondary  axis  in  the  plane  of  the  disturbing  orbit,  and  therefore 
making  an  angle  y  with  the  secondary  axis  of  the  disturbed  orbit,  A  geometrical 
construction  will  now  show  quite  simply  that  the  infinitesimal  rotations  3>/,  hh,  hvf., 
and  ^jf  will  produce  the  following  changes  in  v,  V,  and  y. 

Iw  =  cot  y8!c  —  cosec  y6M 

bv'^  cosec  y^Jc  —  cot  y^k'  (29) 

Sy  =^  h/{ —  5»7 
If  we  substitute  these  values  in  the  general  formulEc  (11)  the  terms  of  the  second 
order  added  to  hR  will  be 


/dR  ,   dR     ^    \.j. 

-(^7Cosec;'  +  -^7COt7JS// 


(30) 


The  first  two  terms  of  this  expression  may  be  put  into  the  form 

i  ,  /  dR    ,    dR  \,  ,       ,    ,       i(  oR         dR  \,  .    ^  K 

I  ^  Vdv'  +  ~d^)  ^*""^*'  7  +  cot ;.)  -  g  [~- -^  )  (cosec  J-  -  cot  y)  p 

But, 

cosec  y  -\-  cot  y  =  cot  |  ^  = ^. 


it/ =  tan  17  =  — -  — 
cos  1  y 


and  in  the  general  term  of  R,  by  (T) 

uR  m'h  ^.  ,    „    .     .^ 

Making  these  suhstitutions,  and  putting,  as  before, 

the  above  value  of  hR  reduces  to 

«B  -=  ^  S  (  cot  1  y  (§&  -  m  +  {i  +y  -i'  -/  )  tan  ly{hk-\-h¥)\  sin  if 


,    m'cosiy  dh  ,.  ,       ^  ,         „  (3^) 
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The  corresponding  terms  of  B and  8 — ,  and  may  fee  obtained  in  the  same  way 

c^v  dp  ^ 

by  snbstituting  — —  and  --—  for  E  in  (30)  and  continuing  the  correspondin"  sub- 
dv  do  10 

stitutions  of  the  general  terms  of  the  derivatives  of  R  as  given  on  page  9. 

The  equation  (31),  besides  being  of  the  second  order  with  respect  to  the  disturb- 
ing forces,  is  also  of  the  second  order  with  respect  to  the  mutual  inclinations.  For 
M,  hK,  hvi,  and  hrf  are  of  the  first  order  with  respect  to  both  quantities,  and,  when- 
ever [  is  not  zero,  A  is  a  quantity  of  the  second  order,  containing  ct^  as  a  factor.  It 
is,  therefore,  only  in  exceptional  cases  that  the  terms  of  the  second  order  depend- 
ing on  the  motion  of  the  orbital  planes  can  become  sensible. 

Reduction  of  (lie  longlt'ude  in  the  orbit  to  Jo  gitude  on  the  ecliptic. 

The  integration  of  (23)  gives  a  value  of  Sw,  which,  added  to  the  longitude  in 
orbit  corresponding  to  the  pure  elliptic  motion  gives  the  longitude  in  the  disturbed 
orbit,  counted  from  a  fixed  point  in  the  moving  plane  of  that  orbit.  The  position 
of  this  fixed  point  is  completely  determined  by  the  condition  that  the  instanta- 
neous rotation  of  the  plane  in  question  around  the  axis  perpendicular  to  itself  is 
always  zero,  so  that  the  motion  of  the  point  of  reference  is  always  perpendicular  to 
the  direction  of  the  plane.  But,  although  this  instantaneous  rotation  is  zero,  the 
iutegrated  rotation  is  not  rigorously  zero  when  we  consider  the  terms  of  the  second 
order.  It  follows  that  the  value  of  v,  the  longitude  in  orbit,  and  the  position  of 
the  plane  of  the  orbit  do  not  rigorously  determine  the  position  of  the  planet:  we 
must  also  know  how  the  fixed  point  of  reference  has  changed  its  position  in  con- 
sequence of  the  motions  which  the  plane  has  undergone.  Let  us  consider  the 
relative  positions  of  this  plane  at  two  epochs.  If  the  fixed  point  were  equally 
distant  from  the  common  node  of  the  two  planes,  the  integrated  rotation  of  the 
plane  around  its  own  axis  would  be  zero.  But,  these  distances  not  being  equal, 
their  difference  is  a  correction  to  be  applied  to  the  longitude  of  the  planet  in  its 
orbit.  Suppose,  now,  that  at  the  end  of  any  time  the  inclination  of  the  actual 
orbit  to  the  primitive  orbit  is  0,  and  the  distance  of  its  ascending  node  from  the 
present  position  of  the  moving  axis  of  w  is  6.  A  rotation  around  the  line  of  nodes 
will  not  change  the  quantity  sought.  But,  if  we  represent  the  infinitesimal  rota- 
tion around  an  axis  perpendicular  to  it  by  dr  we  shall  have 

cos  B  d^}  —  sin  Q  dq^=  dr, 

dq  and  dk  being  the  instantaneous  rotations  around  the  respective  axes  of  x  and  y. 
By  this  rotation  it  is  easy  to  see  that  the  relative  distance  of  any  two  fixed  points, 
one  on  each  plane,  from  the  node,  will  be  altered  by  the  quantity, 

dr  (cosec  (p  —  cot  ^)  =  dr  tan  |  <J), 

the  relative  longitude  of  the  fixed  point  on  the  moving  plane  being  increased  by 
this  amount.     The  correction  to  the  longitude  in  orbit  from  this  cause  is,  therefore, 

dl  ^  dr  tan  I  ^  =  tan  |  ^  (cos  d  dp  —  sin  d  dq). 
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Counting  the  integrated  values  of  p  and  5  in  a  direction  perpendicular  to  the 
moving  plane  we  have 

.     .       tan» 
sm  6  =  7 — ^ 

tan^ 

cos  d  — -- 

tan^ 

which,  being  substituted  in  the  expression  for  dl,  gives 

dl  =  z, — ^-^ —  (tan  qjp  —  tan  pdq). 
1  -|-  cos  <|> 

The  approximate  value  of  the  integrated  correction  is  therefore 

Sl  =  lf(_q<lp-I'di).  (32) 

For  every  pair  of  periodic  terms  in  p  and  5,  such  as 
gz=ssiafit,p^s  cos  ^t, 

hi  will  contain  the  secular  term  —  |  s^  fit,  which  will  be  confounded  with  the  mean 

motion,  and,  if  it  were  not  so  confounded,  would  in  few  or  none  of  the  larger 

planets  amount  to  a  second  in  a  thousand  years.    If  the  secular  terms  in  p  and  q  be 

q  =  si  ;p  ^^  s't 

hi  will  vanish.  We  hence  conclude  that  these  terms  are  entirely  unimportant  in 
the  present  state  of  astronomy,  and  that,  if  we  consider  the  positions  of  the  plane 
of  the  orbit  at  two  epochs,  we  may  consider  the  points  of  departure  in  them  to  be 
equally  distant  from  their  common  node. 

We  have  therefore  only  to  consider  the  motion  of  the  inclination  and  node  due 
to  the  change  of  the  position  of  the  orbit  and  of  the  ecliptic.     If  we  put 

^,  the  inclination  of  the  orbit  of  the  planet  to  tbe.ccliptic, 

0,  the  longitude  of  its  node  counted  on  the  ecliptic, 

T,  the  longitude  of  the  same  node  counted  from  the  same  fixed  point  in  the 
moving  plane  of  the  orbit  from  which  v  is  counted, 

Then,  the  longitude  of  the  planet  on  the  ecliptic,  or  i,  will  be  given  by  the 
equation 

tan  (i  —  6)  =  cos  ^  tan  (w  —  t), 

or,  when  developed  in  powers  of  ^, 

L^v-\-d~t-j-D,  (33) 

where  D  is  the  reduction  to  the  ecliptic,  the  value  of  which  is 

D  ^  —  tan^  i  ^  sin  2  (y  —  t)  -j-  |  tan*  ^  tp  sin  4:  (v  —  t)  —  etc. 

Let  us  refer  the  instantaneous  rotations  of  the  orbit  and  of  the  ecliptic  to  the 
fixed  points  of  reference  in  the  two  planes ;  q  being  the  rotation  around  an  axis 
passing  through  the  sun  and  the  fixed  point,  and  p  that  around  an  axis  in  90° 
greater  longitude,  anjl  the  accented  quantities  referring  to  the  ecliptic.  We  then 
have 
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dd>  do  ,    .      dp 


3^=co8ec$(-smT-J-+cosT^^-)  (34) 

dr         ^       (      ■       da    ,  dp\ 


=  cot 


I       .       dq    .  (- 

I  — Sm  T  — ~  +  COST  - 

\  dt     ^  ' 


-]-  cosec  <p  {      sin  9  —j- cos  0-4^  ) 


dL        dv        dD      ^      .      /  dp         .       dq    ,  .dp'        ■    r,dn'\  „,, 

If  we  consider  on]y  quantities  of  the  first  order  with  respect  to  the  disturbing 
forces,  we  may,  in  integrating,  suppose  t  and  B  equal  and  constant,  and  ^  constant. 
The  integral  will  then  be 

i  ^  t,  _|_  Z)  _(_  tan  i^jcose(5&  +  5//)— sin9(5>7  +  V)i  (36) 

In  the  case  of  Uranus,  tan  ^  is  so  small  that  this  equation  will  be  sufficient  for 
a  long  time  before  and  after  our  epoch. 

In  the  application  of  the  method  to  other  planets  the  mode  of  operation  must 
depend  on  the  circumstances  of  each  particular  case.  The  diiferential  equations 
(34)  between  B,  r,  and  ^  are  rigorous,  and  their  integrals  may  be  approximated  to 
ill  various  ways,  out  of  which  that  best  applicable  to  the  particular  case  must  be 
selected. 

EiTpressions  for  Ike  latitude. 
If  the  position  of  the  orbital  plane  and  of  the  ecliptic  were  each  determined  by 
the  preceding  formulte,  there  would  be  no  perturbations  of  the  latitude,  the  lati- 
tude itself  being  given  rigorously  by  the  equation 

sin  /3  ^  sin  ^  sin  (v  —  t). 

=  sin  ^  COS  T  sin  w  —  sin  ^  sin  t  cos  v. 

But  the  instantaneous  values  of  ^  and  r,  or  of  sin  ^  cos  t  and  sin  ^  sin  r,  are 
troublesome  to  tabulate;  it  will  therefore,  in  practice,  be  found  more  convenient  to 
use  only  their  mean  values,  and  to  consider  their  changes  from  this  mean  as  per- 
turbations of  the  latitude.  "Representing  by  the  sign  5  the  deviations  from  the 
mean  values,  which  are  of  course  arbitrary,  we  have 

cos  /?^/?r^cos  ^  sin  («  —  t)  S(^  — sin  $  cos  (v — t)  Sr. 

Let  us  substitute  for  8^  and  ^t -their  values  given  by  the  integration  of  (34)  to 
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quantities  of  the  first  order,  in  which  case  d  and  t  may  be  assumed  equal.  These 
values  are 

^0  =:  sin  T^p  -{-  cos  T  ?,g 
sin  ^hr  =  cos  <^  (cos  t  ^^  — ■  sin  t  Hq) 

the  terms  dependent  on  ip'  and  l^  being  omitted  because,  being  purely  secular, 
they  may  be  included  in  the  mean  values  of  ^  and  r.  Substituting  in  the  expres- 
sion for  §^ 

cos  ^6/3  ^^  cos^  I  sin  vlq  —  cos  v<^,p\.  (37) 

In  the  case  of  all  the  larger  planets  both  cos  /3  and  cos  ^  may  here  be  put  equal 
to  unity,  when  the  expression  for  S/3  will  become 

5/3  =::  sin  v^q  —  cos  V  Ip.  (38) 

To  develop  this  expression  in  purely  periodic  terms  we  must  substitute  for  v  its 
value  in  terms  of  tlie  mean  longitude  or  mean  anomaly,  namely, 

5 

V  :^  I  -\-  2e  s'm  g  -\-    e^  sin  2g  -\-  etc. ; 

suppose  the  terms  of  hp  and  ^q  depending  on  any  argument,  N  to  be 

^P  ^  —  a^  smN—  a^.  cos  JN  ,oq^ 

}jq  ^=      a\  sin  N-j-  a'^cos  N 

and  put  7t  for  the  longitude  of  the  perihelion,  so  that 

then,  to  terms  of  the  first  order  with  respect  to  the  eccentricities,  we  have 
5^  ^  —  e  (flg  cos  71  +  a'g  sin  7t)  sin  iV —  e  (a„  cos  7t  -|-  a'^  sin  n)  cos  N 

+  3    1  i'^»  +  <*'=)  cos  7t  +  (a\  —  aj)  sin  n  \  sin  (iV  -j-    g) 

+  1    J  (a„  —  a's}  cos7i-|- (a's-f  «sl  sinTtf  cos(iV+    g) 

+  I    J(<*g  —  «'J  cosTT  +  (a'j  +  a^)  siuTtj  sin  (.V —    g) 

"hi    1  ('^c  ~l~  ^'s)  c*^^  "^  "h  ('^'c  —  •**)  ^^'^  ^  S  "o^  (-^  —    J?) 

+  I  e  ^  (a,  -|-  a\)  cos  7t  +  (a'^  —  a„)  sin  7t  |  sin  ( W-f-  2p)  ^     ' 

+  i«l(«s  —  <*'*)  cos7t-|-  {a'^-\-ag)  sin Ttj  cos(A''+  %) 

+  |^S(<*»  —  "^'c)  cos7t-f-  (a', -j-ftj)  sinTtj  sin  (A"* —  2g) 

-j-|e|(«j-|-a',)  cosTt-f"  (a'e  —  o,)  sin7i|  cos  (iV —  2_^) 

The  point  of  the  orbit  from  which  n  and  v  are  counted  is  entirely  arbitrary, 
and,  in  considering  the  action  of  but  a  single  planet,  it  will  be  most  convenient  to 
count  them  from  the  common  node,  in  which  case  ti  must  be  replaced  by  a,  and 
^p  and  ^q  by  ^h  and  ^^7.  Thus,  deducing  the  perturbations  of  the  latitude  imme- 
diately from  the  formulse  (27),  we  shall  have 

h^  =  &mvhri  —  cos  V ^k. 
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CHAPTER    TI. 

APPLICATION  OP  THE  PRECEDING  METHOD  TO  THE  COMPUTATION  OF  THE 
PERTURBATIONS  OF  URANUS  BY  SATURN. 

Data  of  Computation, 

The  elements  of  Uranus,  adopted  in  this  computation,  were  deduced  from  the 
comparison  of  nine  normal  heliocentric  longitudes  at  intervals  of  3697  days  extend- 
ing from  1781,  December  26,  to  1862,  December  18,  with  corresponding  provisional 
places  derived  from  the  elements  given  in  the  "  Investigation  of  the  Orbit  of  Nep- 
tune," with  perturbations  produced  by  Jupiter,  Saturn,  and  Neptune.  As  the 
perturbations  are  to  be  entirely  re-computed,  and  the  elements  to  be  re-corrcctcd 
from  more  extended  series  of  observations,  all  the  details  of  this  first  approxima- 
tion will  be  omitted.  The  resulting  elements  of  Uranus  are  given  in  the  follow- 
ing table,  together  with  the  adopted  elements  of  Saturn,  which  are  nearly  the  same 
as  those  employed  in  the  theory  of  Neptune,  except  that  the  inclination  and  lon- 
gitude of  the  node  have  been  corrected  to  agree  with  observations: — 

Elements  II.  of  Urnnus,  Eleraeats  I.  of  Saturn. 

n  168°     16'    31"  90°      4'      0" 

B  2S      25      36.0  U      48      45.0 

$  73      11     58  112      20       0 

^  0      46     20  2      29     39.2 

e  .0469276  .0560050 

e  in  seconds,  9679.5  11551.9 

n  15426.10  43996.13 

1  J_ 

*"  21000  3501.6 

In  computing  the  perturbations  of  the  radius 'vector,  one  of  the  largest  terms 
will  he  a  constant.  To  avoid  the  necessity  of  computing  separately  the  perturba- 
tions of  the  second  order,  which  depend  on  this  constant,  we  shall  include  an 
approximate  value  of  it  in  the  mean  distance.  This  approximate  value  is,  in  the 
action  of  an  outer  or  an  inner  planet,  Slog  a  =  —  ^  m'Ma^B^  ¥f.  In  the  action  of 
an  inner  or  an  outer  planet,  S  log  a'  =  +  ^  mM{¥f  +  aD,  b'f).  M  being  the 
modulus  of  the  system  of  logarithms. 

Using  the  values  of  hf  and  a  D^  hf,  which  are  found  in  different  works  relating 
to  Celestial  Mechanics,  we  find  th^at  the  different  planets  produce  the  following 
changes  in  6  log  a,  the  units  being  those  of  the  seventh  place  of  decimals: — 
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5  log  a 


On  Saturn. 

On  Uranus. 

of  Venus, 

+  22 

+  22 

Earth, 

+  24 

+  25 

Mars, 

+     3 

+     3 

Jupiter, 

+10865 

+8180 

Saturn, 

+3081 

Uranus, 

—       35 

Neptune, 

—         9 

—  119 

Sum, 

+ 

.0010810 

+  .0011192 

+ 

.0001812 

+ .0001965 

The  uncorrected  mean  distance  is  deduced  from  the  mean  motion  hy  the  rela- 
tion 

We  thus  have 


Saturn. 

TJranns. 

Uncorrected  mean  dist.  (log) 

0.919496 

1.282901 

Action  of  the  planets 

+     181 

+     197 

Corrected  log  a 

0.919611 

1.283098 

The  following  functions  of  the  elements  are  derived  from  the  preceding  ele- 
ments by  well  known  formula : — 

Y  (mutual  inclination)  1°  51'  24.4" 

logsin}}-  =  (j  8.232313 

log  cos  J  y  9.9999367 
T  (long,  of  ascending  node  of  Saturn  on  Uranus)  126°  44'  51" 

u  41    31    40 

u'  323    18    21 

u'  — a  =  (u)  281    46    41 

log  sin  (o)  —9.990759 

log  cos  (o)  +9.309888 

sin  2(«)  —0.39966 

cos  2(o)  —0.91661 

a  0.497249 

-L  4.04438 
a* 

The  following  functions  of  a,  necessary  in  computing  the  coefficients  h,  are 
derived  from  Runkle's  Tables,  published  by  the  Smithsonian  Institution; — 
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7alue6  of  a'D-h<f. 


33 


i 

61} 

oBaft"/ 

■■/«<• 

••z>;s<j 

•'^i'i 

•Wi? 

0 

2.14447 

0.3396' 

1          0.5878 

1.081 

3.44 

13.6 

I 

0.6620T 

.68314            .4990 

1.177 

3.40 

13.8 

2 

0.20836 

.4719f 

i            .7396 

1.152 

3.69 

13.9 

3 

0.08687 

.28491 

.7123 

1.463 

3.68 

14.5 

4 

0.03793 

.1627C 

1            .5632 

1.696 

4.30 

15.1 

6 

0.01702 

.0901C 

1            .3998 

1.485 

4.87 

16.9 

6 

0.00777 

.04896 

;            .2653 

1.231 

4.98 

19.1 

1 

0.00359 

.02621 

{            .1682 

0.940 

4.60 

20.5 

8 

0.00168 

.01395 

!            .1022 

0.675 

3.91 

20.4 

9 

0.00079 

0.00735 

1          0.0615 

0.463 

3.11 

18.8 

Deriviiiivee  with 

respect  to  (log 

]a  =  r>)  of  a 

-x>;i™. 

i              ti 

=     0 

I 

3 

3 

4 

DJ><\                TM-^D^i)       A,U^i>y;')     D, 

'WI^lh'L^)     ^«'yD^h^^ 

0           0.33969 

0.9275 

2,257 

6.68 

27.4 

1 

68314 

1.1821 

2.175 

6.93 

27.4 

2 

47198 

1.2116 

2.631 

7.05 

28.3 

3 

,28491 

0.9972 

2.888 

8.07 

29.2 

4 

16270 

0,7259 

2.722 

9.09 

32.3 

6 

09010 

0.4899 

2.285 

9.38 

36.4 

ti 

04896 

0.3143 

1.762 

8.67 

39.0 

7 

,02024 

0.1944 

1.276 

7.41 

38.9 

8 

,01392 

0.1161 

0.879 

5.93 

36.0 

9           0.00733 

0.0688 

0.686 

4.50 

31.2 

Second  derivittlves. 

i 

c;6'« 

Z);(ai).i.'«) 

i>X*=.z>;6«) 

d;(.-dX*) 

0 

0.9275 

3.184 

11.19 

47.4 

1 

1.1821 

3.357 

11.28 

48.2 

2 

1.2116 

3.843 

12.31 

49.4 

3 

0.9972 

3.885 

13.85 

53.4 

4 

0.7259 

3.448 

14.63 

69.6 

6 

0.4899 

2.775 

13.90 

64.4 

6 

0.3143 

2.076 

1219 

65.0 

r..dueiiqfa'*^DlV2 

,■ 

•f 

.'DJII 

.■i);f 

.'Z);s| 

0 

1.865 

2.674 

8.104 

30.8 

1 

1.267 

2.844 

7.77 

30.8 

2 

0.761 

2.412 

7.63 

29.9 

3 

0.433 

1.790 

6.92 

28.7 

4 

0.240 

1.224 

6.73 

28.8 

5 

0.130 

0.792 

4.41 

23.5 

6 

0.070 

0.493 

3.20 

19.6 

April,  1873. 
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Derivatims  with  rmpect  to  (log  a  =  M.) 


=«,»? 

=2a,B';* 

=fifl,z;'i> 

0 

4.639 

13,462 

65.1 

1 

4.1U 

13.46 

64.1 

2 

3.173 

12.46 

52.8 

8 

2.223 

10.60 

49.5 

4 

1.464 

8.18 

44.0 

6 

0.923 

6.99 

36.7 

6 

0.663 

4.19 

29.2 

Second  deiimiive/i. 

i 

a^D^m 

o,B.B? 

2a,Z)„B'ii 

e 

4,639 

17.99 

82.0 

1 

4.111 

17.67 

81.0 

2 

3.173 

16.62 

77.7 

3 

2.223 

12.72 

70.5 

4 

1.484 

9.64 

60.4 

5 

0.922 

6.91 

48.7 

6 

0.563 

4.76 

37.6 

(»,£'*> 

<>,»[' 

2i.,Bii> 

6a,£'? 

a.D^Ei'*        a.DvE^i! 

2a,B,J 

0 

1.267 

4.111 

13.46 

64.1 

4.111         17.57 

81.0 

1 

1.313 

3.856 

12.95 

54.0 

3.856         16.80 

79.8 

2 

0.860 

3.167 

11.98 

61.8 

3.161         16.16 

75.8 

8 

0..500 

2.318 

10.31 

48.4 

2.318         12.63 

69.0 

4 

0.281 

1.573 

8.24 

43.1 

1.573          9.82 

69.6 

The  notation  B^2  ^md  E'^  is  that  of  Le  Verrier  in  his  development  in  the  first 
volume  of  "Anwihs  &  V Ohnervrttoire  Imperial  de  Paris" 

Nameric-A  es-pression  of  R  and  its  derivatives. 

We  next  proceed  to  the  computation  of  the  coefficients  h  and  their  derivatives. 

As  an'example  of  the  most  convenient  form  of  computation  we  present  in  full  that 

of  the  coefficient  of  —  cos  {%%' — {i — l);t, — a)  in  the  expression  of  R  for  the  action 

of  Saturn  on  Uranus.  In  this  computation  I  use  the  tables  given  by  Le  Verrier 
in  his  "Annales  de  V Observntoire."  tome  i,  pages  358-383,  comparing  the  develop- 
ment with  that  of  Professor  Peirce  in  the  Astronomical  Journal,  vol.  i,  as  a  control. 
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;=o;  y=i. 

( 

^3 

—2 

—1 

0 

+1 

2 

3 

4 

5 

S 

i' 

+* 

3 

2 

1 

0 

—  1 

—2 

-3 

-4 

G 

(Ox  6*,*' 

+0.5212 

+0.8334 

+  1.1041 

0 

—1.10414—0.83344 

—0.5312—0.3034 

-0.1702 

-0.0929 

(.\)X<^D^bf 

-0.2S48 

— 0.471i0 

—  0.6831 

—0.33S7— 0.68314^-0. 47198 

-0.2849 1— 0.1637 

—0.0901 

—0.0491 

^a,  (50)W 



—18,1775 









+0.23H3 

+0.3614 

—15,7585 

—0.3397 

—0.78728 

-1.30542 

— 0.B061 

—0.4661 

-0.2603 

— 0.141S 

(0)6<^'> 

—13.(55 

—11.35 

—    5.52 

0.00 

0.00 

+  2.92 

+  5.73 

+  6.83 

+  6.46 

(l)X.-0" 

+  8.54 

+  7.78 

+     4.78 

+0.51 

0.00 

+  1.18 

+  2.56 

+  3.25 

+  3.06 

(2)x.'C^ 

+  1.43 

+  0.74 

-    0.00 

-0.59 

—  1.00 

—  3.23 

-2.S5 

-  2.82 

-  2.40 

(3)X-'i^- 

—  0.73 

—  0.58 

—    0.59 

—0.54 

—  0.53 

—  0.58 

-  0.73 

—  0.80 

—  0.74 

«,(51) 

+  48.63'     



—  4.31 

—  3.31 

+  47.20 

—0  63 

—  1.59 

+  1.30 

+  4.71 

+  6.46 

+  6,38 

(0)X6'? 

-13.33 

-    4.42 

O.OQ 

+  4.43 

+13.33 

+  18.76 

+  19.41 

+17.01 

(i)x-/>« 

+13.10 

+  10.3S 

+    4.10 

—0.68 

-  1.37 

+  2.83 

+  6.27 

+  7.48 

+  7,02 

(3)  X  "'/>»- 

+  1.43 

0.00 

—    1.00 

—2.35 

—  3.00  :  —  5.92 

—  7.13 

—  6.78 

—  B.60 

(3)X=':f. 

—  1.46 

—  1.15 

—     I.IS 

—1.08 

-  1.18      -  1.15 

—  1.4S 

-  1.60 

—  1.48 

6^,(53) 
ai(52) 





+  33.36 









—  5.69 

—  4.10 

+  29.88 

-4.11 

—  1.13 

+  9.09 

+  15.44 

+18.53 

+  16.95 

(0)  x^^iW 

—3.00 

—  3,40 

—    2.63 

0.00 

+  2.63 

+  3  40 

+  3.00 

+  2.25 

+  1.55 

ajXai^iW 

+2.32 

+  3.17 

+     3.86 

+4.11 

+  3.86 

+  3.17 

+  2,32 

+  1.57 

+  1.01 

Aa,(60) 
0,(60) 



+  16.18 

— O.tiS 

—  0.23 

+  17.41 

+4.11 

+  6.49 

+  6.57 

+  5.33 

+  3.82 

+  2.5S 

^«X(50) 

+  G.61I 

+  10.12 

—441.22 

—9.51 

-60.049 

-30.566 

—22,573 

-13.05 

-  7.28 

—3,97 

i^'X(51) 

-0.09 

—  0.07 

+     1.04 

—0.01 

—  0.035 

+  0.028+  0.103 

+  0.14 

+  0.14 

^e"X(52) 

—0.08 

—  0.08 

+     0.45    —0.06 

—  0.017 

+  0.138+  0.248 

+  0.28 

+  0.26 

leeix(liO) 
h 

—0.05 
+6.39 

—  0.02 

+     0.14    +0.03 

+  0.051 

+  0.052+  0.043 

+  0.03 

+  0.02 

+  9.97 

-439.59'  -9  55 

1 

—50.050 

—36,338—22  179 

—12.60 

—  6.86 

—3.60 

The  derivatives  of  7i  with  respect  to  (log.  a  =  7))  are  computed  in  precisely  the 
same  way  by  simply  substituting  for  b'\\  aDab'W  etc.,  their  derivatives  with  respect 
to  »  as  given  in  the  above  table  of  constants. 

The  quantities  ^1^(50)'*',  etc.,  which  appear  in  the  third  series  of  terms  above 
express  that  part  of  the  perturbations  of  Uranus  caused  by  the  action  of  Saturn 

'  In  units  of  the  thli'd  place  of  decimals. 
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on  the  sun.  They  are  each  of  tlio  form  iV"X  a~^  ^  being  a  numerical  coefficient 
given  by  Le  Verrier  under  the  coefficient  for  each  term.  The  derivative  of  this 
expression  witli  respect  to  »  is  —  2N  X  a~\  so  that  for  the  corresponding  terms 
in  Dnh  and  Dili  we  have 

AD.h  =  —  2A7* 

The  values  of  h  and  its  derivatives,  corresponding  to  any  one  argument  H  and  /, 
are  to  be  combined  into  two  terms  depending  the  one  on  the  cosine,  the  other  on 
the  sine  of  the  argument.  Let  us  represent  by  g  the  mean  anomaly  of  Uranus, 
and  let  us  put  I  for  the  mean  longitude  of  Saturn  counted  from  the  perihelion  of 
Uranus,  or,  more  exactly,  for  the  arc  X—cd.     Put  also 

N=  ig  -h  iT, 

Then,  for  each  value  of  N  there  will  be  several  values  of  P  corresponding  to  dif- 
ferent powers  and  products  of  the  eccentricities  and  inclinations  in  ?i.  Distin- 
guishing these  values  and  the  corresponding  values  of  A  by  subscript  numerals,  we 
shall  have  a  series  of  terms  of  E  of  the  following  form  — 

I?(,  cos  (i\^+  P\)  "I 
+  7(3Cos(.V4-P'3)  [ 
-f-  etc.  etc.       J 

and  by  putting 

/(^  =        Sj  cos  P\  -j-  h.2  cos  P'a  -(-  7*3  cos  P3  -f  etc.  ,j^,v 

/(^  =  —  Ai  sin  P\  —  h^  sin  P'^  —  k^  sin  P\  —  etc. 
The  above  terms  may  be  condensed  into 

It  =^  —  h^  COS  jY  H h,  sm  iv, 

(1,  «i 

which  .are  of  the  form  supposed  in  the  preceding  theory. 

In  order  that  the  derivative  of  E,  with  respect  to  the  true  longitude  of  Uramis, 
may  be  expressed  in  the  form 

6E       m        .  ?n 

-  „     =  —  w,  sm  iV -j v^cosN 


!  must,  by  (7),  put 

v,  =  —  (i  -\-ji)  7ii  cos  P\  —  (i  -{-j'l)  I12  cos  P\  ■ 
v^^=  —  (*'  -^-ji)  K  sin  P\  —  {i-^-ji)  7*2  sin  P\  ■ 


(42) 


^1,  y^,  representing  the^  several  values  of  /  in  the  different  terms  which  correspond 
to  one  and  the  same  set  of  values  of  i  and  i". 
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To  obtain  tlie  derivative  with  respect  to  y  we  notice  that  all  the  appreciable 
terms  in  the  different  values  of  /(,  which  depend  upon  the  mutual  inclination,  are 
of  the  form 

li  =  o^  A, 

where  a  =  sin  |  y.     These  equations  give 


Consequently 


V-  =^r-^-^=  A.U cos  ky  - 
oy       OCT  oy  "^ ' 


-- 1  A  sin  y. 


—  -Ms 

Oy 


iyco%{N^T"). 


and  the  various  terms  depending  on  the  same  argument  (i',€)  may  be  condensed 
into  two,  exactly  as  in  the  case  of  R  itself. 

The  different  co-efficients  h  and  DM,  computed  in  the  way  already  described,  are 
given  in  exteiiso  in  the  following  table.  At  the  top  of  each  individual  column  is  given 
the  value  of  P,  or  of  ji^-\-j'(J,  corresponding  to  the  values  of  h  below,  and  imme- 
diately under  P  is  given  its  modified  value,  or  P',  to  be  used  in  condensing  the 
terms,  putting  for  brevity 

(,.))=  to- J. 

P  and  P'  are  therefore  regarded  as  constant  angles  the  numerical  values  of  the 
sines  and  cosines  of  which  may  be  obtained  from  the  values  of  u  and  a'  already 
given. 

The  condensed  h^  and  h,  are  given  in  the  two  right  hand  columns. 

All  the  numbers  are  given  in  units  of  the  third  place  of  decimals. 


Values  or  h. 

P 

0 

„'  — « 

F 

=  0 

(-) 

K 

h. 

i      i' 

h 

h 

-4,-1-4 

+  0.63 

—3,     3 

+  0.83 

—2,     2 

+  0.88 

—1,     1 

+  0.53 

0,     0 

+1072.90 

—  0.4975 

+  1072.80 

+1,-1 

—3481.36 

—  0.83 

—  3481.42 

—    1.33 

3,-2 

+  205.93 

—  9.63 

+    204.14 

—  10.29 

3,-3 

+     84.21 

+  1.62 

+      84.77 

+    0.79 

4,-4 

+     35.80 

+  1.54 

+      36.24 

--    0.90 

5,-5 

+     15.48 

+  1.2 

--      15.81 

--    0.81 

P 

—  u 

—  J 

u  — 2«' 

t,'- 2« 

J 

a 

P 

0 

—  (-} 

-3(..) 

+  («) 

„+J 

+2. 

h. 

h. 

i      i' 

h 

h 

h 

h 

h 

k 

—3,-1-4 

—     2.31 

+     6.39 

0 

0 

a 

0 

—     l.OI 

—     6.26 

--2,     3 

—     3.42 

+     9.97- 

—0.95 

0 

0 

+.02 

—     0.51 

^     9.40 

—1,     2 

—     3.54 

—439.59 

0 

0 

—.03 

+.02 

—  93.30 

+430.35 

0,     1 

+281.30 

—     9.55 

+0.13 

—  .02 

—.04 

+.09 

+285.20 

--     9.19 

+1,     0 

+  58.38 

—  50.05 

—0.02 

—  .05 

—.03 

0 

+  48.15 

--  48.96 

2,-1 

—  39.760 

—  3(5.338 

—0.074 

—  .071 

—.016 

0 

—  47.138 

--  35.531 

3,-2 

+  35.13 

—  22.179 

—0.105 

—  .313 

—.007 

0 

+  30.63 

--  21.44 

4,-3 

+  20.39 

—  12.60 

X-0.11 

+  .17 

0 

0 

+   17.96 

-'  12.55 

5,-4 

+  11.25 

—     6.86 

—0.10 

+  .23 

0 

0 

+     9.98 

--     7.00 

0,-5 

+     6.00    1  —     3,6 

0 

+  .32 

0 

0 

+     5.38 

--     3.78 
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Values  of  k. 

P 

—  2u 

—  „'_-.u 

—  2J 

0 

F 

0 

-(-) 

-2M 

+  2« 

K 

K 

i      i' 

h 

h 

h 

h 

—1,     3 

+0.04 

—  0.21 

—42.24 

+0.11 

+3S.72 

+  17.03 

+0.06 

+31.65 

—  0.04 

+0.18 

+  6.58 

—31,15 

+1,     1 

— 0.T4 

—  0.83 

—  1.08 

—0.91 

—  0.03 

+  2,15 

%     0 

+8.09 

—  5.19 

+  1.89 

+0.18 

+  0,32 

+  4,14 

3,-1 

+1.268 

—  6,290 

+  2.062 

+0.111 

—  1.912 

+  6.216 

i,— 2 

+4.16 

—  5.458 

+  1.767 

+0.061 

+  1.44 

+  4.576 

5,-3 

+3,13 

—  4.03 

+  1.29 

+0.04 

+  1.13 

+  3.39 

6,-4 

+2.11 

_-  2,74 

+  0.87 

+0.02 

+  0.75 

+  2,31 

1,-5 

+1.35 

—  1,16 

+  0.55 

+0.01 

+  0.49      1 

+  1,49 

P 

—  3^ 

—  u'~2« 

_2w'~-„ 

—  SJ 

—  u, 

P' 

0 

-M 

-2(«) 

—  3W 

h 

h 

K 

h. 

i      i' 

h 

h 

h 

h 

+1.+2 

0 

—.12 

0 

—.11 

—.14 

+.02 

+.17 

+  ,06 

+.01 

— 

07 

+,03 

—.02 

—.02 

+.01 

0 

+  ,04 

+ 

18 

46 

--,34 

—.08 

—.02 

+.04 

—.15 

+  .213 

i,— 1 

+ 

222 

_ 

760 

--,520 

-.117 

—.016 

+.029 

— ,325 

+  .416 

+ 

424 

— 

847 

--.558 

—.122 

—.012 

+.021 

—  176 

+,490 

-- 

398 

-^ 

773 

--.493 

—.107 

—.008 

+.014 

—.145 

+.460 

-- 

321 

— 

627 

+,395 

—.086 

—,005 

+.009 

—.107 

+  ,379 

8,-5 

+ 

24 

— 

47 

+,29 

—.06 

0 

0 

—,083 

+,289 

A 

—  4u 

—  «'  — 3. 

^  2u'  ~-  2lj  1  3c.' 

—  iJ 

P' 

0 

—  M 

—  2(«1 

^3(«) 

-4W 

h. 

K 

i      i' 

h 

h 

h 

h 

h 

4,     0 

0 

—.04 

+.04 

—.02 

0 

—.04 

0 

5,-1 

--.02 

_ 

08 

+.08 

—.04 

+.01 

—,03 

+.003 

6,-2 

--.039 

— 

105 

+.106 

—.047 

+.008 

—.045 

+.028 

t,— 3 

--,043 

— 

114 

+.112 

—.048 

+,008 

-.049 

--.034 

8,-4 

+.042 

— 

106 

+.103 

—.044 

+,007 

—.044 

--,032 

3,-5 

+.035      1     ~ 

090 

+  .086 

—.036 

-|-,006 

—.037 

--,029 

Values  OF  Z>oft. 

P 

0 

„'  — u 

F 

0 

(<.) 

DJi^ 

D^h, 

i     i' 

Dsft. 

D,,h 

-4, +4 

+    3,18 

—3,     3 

+    3,24 

—2,     2 

+    2,39 

—1,     1 

+    0,40 

0,     0 

+  171.93 

—    2.075 

+  in. 51 

+1,-1 

+8749.59 

—    2,69 

+  8749.12 

~    3.02 

2,-2 

--  467.72 

+  20,83 

+    472.46 

+  18,05 

.  3,-3 

--  277.00 

+     2.87 

+    278.25 

~    0,36 

4,-4 

-'  153,87 

+    4.62 

+     155.46 

+     1.41 

5,-5 

--     82.12 

+    4,90 

+       83,54 

+     1.80 
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Valubb  or  DrJi. 

F 

„u 

—  J 

„— S,.,' 

u'  — 2u 

+  U)' 

^ 

P' 

0 

-(") 

—  2M 

+  M 

>.+«' 

2>. 

D^K 

Bvh, 

i     i' 

Dvh 

2>o/i 

D^ 

IKh 

DJi 

—3, +4 

—     9.28 

+  19.4 

0 

0 

0 

0 

—     5.32 

—  19.00 

—3,     3 

—     9.14 

+  18.5 

+2.05 

—  .06 

—  13 

+.08 

—    7.97 

—  17.43 

—1,     2 

—     4.63 

+907.63 

+  .05 



08 

—.13 

+.07 

+180.44 

—888.65 

—0,     1 

—556.40 

—  36.17 

—  .10 



09 

—.14 

—.12 

—561.83 

+  35.60 

1,     0 

+  30.16 

—  71.56 

+  .04 



19 

-.11 

+.02 

+  15.37 

+  69.86 

2,-1 

+265.17 

—  86.47 

—  ,19 



26 

—.07 

0 

--247.58 

+  84.30 

3,-2 

+  83.10 

—  74.60 

—  .42 

+ 

63 

—.04 

0 

--  68.34 

+  73.49 

4,-3 

+  68.34 

—  54.9 

—  .55 

+ 

29 

—.02 

0 

--  57.70 

+  53.9 

5,-4 

+  49.04 

—  36.9 

—  .58 

+ 

68 

—.01 

0 

+  42.19 

+  36.7 

6,-5 

4-  32.1 

—  23.2 

—  ,53 

+ 

90 

0 

0 

+  28.1 

+  33.4 

P 

—  2« 

„_ 

—  2«' 

"~ 

0 

P 

0 

(to 

-2M 

+  2« 

B^h, 

I)i>h, 

i     i' 

Do/i 

DJi 

D^h 

D^h 

~l,+3 

+  0,16 

—  0. 

6 

+86.02 

+0.47 

—78.76 

—34.19 

0,     2 

+  0.32 

—64. 

5 

+  0.15 

+0.60 

—12.92 

+62.54 

+1.     1 

+  3,2T 

—  2. 

0 

+  4.69 

+3.03 

—  1.22 

—  2.26 

2,     0 

+  2.56 

—  8. 

8 

+  5.00 

+0.60 

—  3.74 

+  6.00 

3,     1 

+13.745 

—15. 

70 

+  7.233 

+0.463 

+  3.933 

+12.153 

4,-3 

+10.25 

—18. 

3 

. 

h  7.85 

+0.33 

—  0.77 

+15.07 

5,-3 

+10.76 

—18. 

7 

- 

■  6.99 

+0.31 

+  0.69 

+14.68 

6,-4 

+  9.39 

—15. 

- 

■  5.59 

+0.13 

+  1.22 

+12.4 

7,— S 

+  1.3 

—11. 

-  4.21 

+0.09 

+  1.2 

+  9.6 

P 

—  3^ 

_2„_^r 

-.0-2^ 

3J 

—  J 

— « 

P' 

fl 

-M 

-a(«) 

-3W 

3^— <. 

+  2,. 

D^K 

Z*»ft, 

i     i' 

.D^7i 

D^h 

D^h 

za 

D^k 

D^h 

+l,+2 

+0.03 

+0-18 

+0.05 

+0,22 

+  22 

~- 

08 

—0.31 

—0.17 

2,     1 

+0.12 

—0.26 

+0..S3 

—0.09 

08 

17 

—0.08 

-0.09 

3,     0 

+0.21 

—0.89 

+0.98 

—0.31 



09 

^. 

13 

—0.59 

+0.13 

4,-1 

+0.89 

—2,02 

+1.89 

—0.54 



09 

-. 

13 

—0.84 

+0.69 

5,-3 

+1.08 

—3.00 

+3.53 

—0.67 



08 

_. 

11 

—1.38 

+1.30 

6,-3 

+1.40 

—3.47 

+2.73 

—0.69 

— 

07 

-- 

09 

—1.33 

+1.68 

T,— 4 

+1.46 

—3.44 

+2.60 

—0.62 

05 

06 

—1.20 

+1.78 

8,-5 

+1.32 

—3.00 

+2.20 

—0.51 

0 

-- 

04 

—0.99 

+1.62 

F 

—  4« 

—  3^  — «■ 

—  2o  — 2«' 

—  «  — 3 

—  iJ 

F" 

0 

—  M 

-2(.) 

-3(«) 

^1(" 

_ 

D^h, 

D^h, 

i     i^ 

DJi 

D^. 

D„h 

D^h 

D^h 

4,     0 

+.03 

— ,09 

+.13 

—.08 

+.02 

—.06 

—.01 

5,-1 

+.05 

— ,23 

+.30 

—.18 

+.04 

—.14 

—.02 

6,-2 

+.10 

—.38 

+.48 

—.26 

+.05 

-.34 

+.01 

1,-3 

+.15 

—.52 

+.62 

—.32 

+.06 

—.30 

+.04 

8,-4 

+.18 

—.59 

+.66 

—.33 

+.06 

—.32 

+.09 

9—5 

+.19 

—.59 

+.65 

—.31 

--.05 

—.31 

+.11 

The  values  of  Dili,  needed  in  computing  the  perturbations  of  the  second  order 
with  respect  to  the  masses  being  obtained  in  the  same  way,  by  the  simple  substitu- 
tion of  the  second  derivatives  of  the  functions  h,aDab,  etc.,  for  those  functions 
themselves  in  the  expressions  for  h,  it  is  not  necessary  to  present  the  details  of  the 
computation. 

After  obtaining  h  and  its  derivatives,  it  will  be  fotind  convenient  to  change  the 
arrangement  of  the  terms.  Hitherto  we  have  kept  in  one  series  those  in  which 
the  sum  of  the  indices  are  a  constant.     Now,  we  shall  put  together  all  those  in  which 
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the  index  of  the  disturbing  planet  has  the  same  value,  arranging  the  individual 
terms  of  each  series  according  to  the  index  of  the  disturbed  planet.  Thus,  the 
index  of  the  product  of  any  term,  as  Ji  cos  iV,  by  any  multiple  of  the  mean  anomaly 
of  the  disturbed  planet,  as  j<j,  will  be  found  in  the  same  scries  with  that  of  N  itself, 
andy  lines  above  and  below. 

The  next  process  will  be  the  formations  of  the  required  functions  of  the  mean 


dv    (7p    a? 
anomaly  01  Uranus,  ,-»  'jf  "%■ 


log  r.     Their  v;Uues  are  as  follows:- 


ndt~ 


dvp 
ndt 


1.001103 
+.093933  cos    g 
+.005507  cos  2g 

+.000336  cos  Zg 
+.000020  cos  4^ 


+.0005507 
—.0468889  cos    g 
—.0016494  cos  2g 
—.0000732  cos  3y 
^.0000035  cos  ig 


+.0468889  sin    g  +.0938294  cos    g 

+.0032988  sin  2?  +.0055012  cos  2^ 

+.0002196  sin  Zg  +.0003357  cos  3«^ 

+.0000142  sin  ^g  +.0000206  cos  4^ 


Considering  only  those  terms  which  are  of  the  first  order,  the  value  oi  D\R  may 
be  found  in  two  ways,  the  agreement  of  which  will  afford  a  check  upon  the  entire 
development  of  the  perturbative  function,  and  upon  the  computations  of  R  and 

..     These  arc  (1)  by  direct  differentiation,  with  respect  to  the   time  as  con- 

tained  in  the  mean  anomaly  of  a  single  planet,  whereby  each  term  in  R  of  th-3 
form 

r,         '"^  1  TIT 

R^^      h  cos  N 
will  produce  in  D\R  the  term 

J)'  Jl  = —.  ink  sin  A^- 

and  (2)  by  forming  the  expression 

'  <?v  'di  '^  dp    dt  ' 

As  several  "  mechanical  multiplications,"  like  those  indicated  in  this  last 
expression,  arc  to  be  performed,  the  following  example  of  the  form  of  com- 
putation is  presented.     It  exhibits  the  formation  of  the  product  of  those  terms 

.  dR.       ,  ■  ,    .,  1  ,      di\, 

oi  -7,--in  which  I  ::=  —  1  by  —  -  . 

dv  ^    dt 


X  .046915 


>C  .000168 
dR    dv 


^2  —1 

+.02     +  1.63 


U.o 


0+08 
-13.48     +163.32 


(—.19     +  9.58     + 
+,58     +  0.01 


+1 
+3481.14 

—     13.48 

+       3.5.^ 

0.00 

+         .02 


+  54.42  +  6.988  +1.18  +0.10 

+  163.32  +  2.553  +0,33  +0.06 

+     0.33  +  0.056  0  0 

—     0.t9  +  9.576  +0.15  +  .02 


0 


0 


0 


0 


—     ,048     +  ..58 


'iL-''l'-(siD)— .11     ^2.26     — 123,8T       +3470.23       +217.28     +19.125     +2,24     +0.18 


Hosted  by 


Google 


THE   ORBIT   OF   URANUS.  41 

The  multipliers  on  the  left  are  each  one-half  the  coefficient  cos  jg  in  the  ex- 

dva 
pression  for  — ,  - ,  and  each  product  is  placed  in  the  two  columns  corresponding 

respectively  to  N-\-jg  and  N — jg. 

All  the  derivations  of  R^^  necessary  in  the  computation  of  the  perturbations  of 
the  first  order  aie  given  in  the  following  tables.  First  vre  have  the  values  of 
D\R  obtained  by  direct  differentiation,  as  indicated  in  the  preceding  formulse. 

Next  we  have  -   -  and  — — ,  obtained  by  the  formula;  (7)  and  (42).     The  products 

bv  - , "  and  of  -z—  by  -^,  being  formed  in  the  simple  way  just  pointed  out, 

6y     ■'    lit  dp     ''at 

and  with  the  values  of  the  component  factors  just  given,  their  sum  is  next  shown. 
This  sum  should  agree  accurately  with  J)'tR.  The  discrepancies  arc  shown  in  the 
next  two  columns.  The  only  apparently  large  discrepancy  is  found  in  the  argu- 
ment %' — 51.     It  probably  arises  from  the  incompleteness  of  the  computation  of  R 

and  . — ,    so  far  as  they  depend  on  this  argument.     As  the  entire  term  does  not 
i5v 

amount  to  0".01,  I  have  not  sought  to  correct  it. 

The  great  value  of  this  check  arises  from  the  fact  that  it  gives  a  complete  con- 
trol of  the  correctness  of  the  development  of  the  perturbative  function,  ah  initio, 
since  the  two  valves  of  D^R  are  derived  from  different  terms  of  that  development. 

It  also  controls  all  the  computations  except  that  of  -      .       This  quantity  being 

multiplied  by  quantities  of  the  order  of  the  eccentricities  in  the  second  value  of 
D\R,  an  error  in  its  value  will  produce  a  discrepancy  of  only  -jL  its  own  amount  in 
D'tR,  and  may  therefore  be  overlooked.  The  derivative  in  question  must  there^ 
fore  be  checked  by  a  complete  duplicate  computation. 

In  the  column  next  following  are  given  the  integrating  factors  v,  for  which  the 
expression  is 

_    _n l_ 

i'ji'4-  in       .  ,    .,  n'. 
*  +  *  — 

For  each  value  of  i'  the  values  of  v  are  therefore  the  reciprocals  of  a  series  of  num- 
bers in  arithmetical  progression,  the  common  difference  being  unity. 
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D,'R  = 

—  K  X 

—  X 

3 

;' 

sin 

C08 

sin 

cos 

COS 

Bin 

0 

,     0 

0 

0 

+     0.487 

—1344.31 

— 

48.15 

+  48.96 

+     10.20 

+  49.07 

—     63.52 

—118.82 

— 

0.64 

-[-     8.28 

+       4.48 

+     3,20 

+       3.42 

—  10.14 

+ 

0,45 

+     0.64 

+       0.50 

—     0.08 

+       0.74 

+     0.34 

+ 

0.16 

0 

+       0.06 

—     0.06 

+       0.10 

+     0.01 

—  2 

— 1 

0 

+     0,08 

+       0.02 

—     0,04 

+       0.08 

—     0.05 

—  1 

— 

0.03 

+     2.15 

-h       1.63 

+     1.34 

+       1.25 

—     0.11 

0 

0 

—  287.42 

—     0.10 

+  276.62 

+  34.79 

-[-3481.43 

—     1,33 

+3481.14 

—     1.04 

—5367.70 

+     4.85 

+ 

94.28 

+  n.06 

+     54.42 

+  71.23 

—  300.44 

—119.83 

+ 

5.14 

+  15.65 

+       6.988 

+     9.490 

—       2.02 

—  17.37 

+ 

1.30 

-[-     1.66 

+       1.18 

+     0.42 

+       1.16 

^    l.ll 

+ 

0.16 

+     0.15 

+       0.10 

0 

+       0.17 

—     0.01 

_1 

-2           + 

o.n 

+     0.06 

+       0.21 

—    0.16 

+       0.14 

—     0.11 

0 

0 

—       6.58 

+  30.99 

+       6.34 

4-  31.39 

+ 

93.30 

—430.35 

-f     96.81 

—430.37 

—     87.14 

—458.30 

_ 

408.28 

—  20.58 

~  410.43 

—  12.01 

—  676.60 

—     7.76 

„ 

91.89 

+  64.83 

—    5:, 01 

—  64.98 

—     98.97 

—  94.93 

— 

5.t6 

-h  18.30 

+      1,45 

-H  12.96 

—       0.67 

—  19,65 

+ 

0.88 

+     2,45 

+       1.30 

+     1.04 

+       1,56 

—     1,79 

+ 

0.21 

+     0.17 

+       0.20 

—     0.02 

+       0.28 

—     0.04 

—3           ~ 

38.T2 

—  17.03 

—     38.75 

—  17.29 

+     40.04 

—  17.16 

+ 

1.02 

+  18.80 

+       5.31 

+  19.14 

+       8.48 

—  26.83 



254.31 

+     2,37 

—  254.15 

—     0.02 

—  363,02 

—     0,43 

— 

71.84 

+  50,20 

—     51.49 

+  49.90 

—     75.66 

—  66.45 

— 

5.G5 

+  16.95 

—       0.23 

+  13.0 

—       1.82 

—  18.07 

+ 

0.87 

+     2.76 

+  "     1.29 

+     1.5 

4-       1.48 

—     2.U 

+ 

0.34 

-H     0.24 

+       0.27 

0 

+       0.35 

—     0.07 

3 

-i           + 

3.03 

+  18.78 

+       1.34 

+  18.78 

+       6.33 

—  25.26 

— 

144,96 

+     3.60 

—  144.78 

+     1.5 

—  191.70 

—     2.31 

5 

— 

49.90 

+  35.00 

—     38.64 

+  34.58 

—    52.17 

—  43.7 

6 

_ 

4.50 

+  13.86 

—       0.9 

+  11.2 

—      1.97 

—  14.7 

T 

+ 

0.75 

+     2.65 

+       1.1 

+     1.6 

+       1.31 

—     2.2 

8 

+ 

0.35 

+     0.26 

+       0.3 

+     0.1 

+       0.36 

■^     0.1 

5 

—5           — 

79.05 

+     4.05 

—     78.9 

+     2.4 

—     99.3 

—     2.1 

fi 



32.3 

+  22.7 

—     26.3 

+  22.3 

—     33.5 

—  27.3 

7 

_ 

3.4 

+  10.4 

—       1.1 

+     8.7 

—       1.7 

—  11.1 

8 

+ 

O.T 

+     3.3 

-f       0.9 

+     1.5 

+       1-1 

—     1.0 

9 

+ 

0,3 

+     0.3 

+       0.3 

+     0.1 

+       0.3 

+     0.1 
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dv     dt    "*"  ,5p     di 

Discrepancy. 

K 

k. 

-«, 

n  X 

9      I' 

sin 

cos 

sin 

C08 

0,     0 

0 

—     0.01 

0 

—.01 

—1244.31 

1, 



48.05 

+  48.92 

+  .10 

—.04 

+1.0 

+     32.78 

~~  20.90 

2, 

„ 

0.63 

+     8.27 

+  .01 

—.01 

+0.5 

+       4.06 

—     1.86 

3, 

+ 

0.45 

+     0,65 

0 

+.01 

+i 

+       0.44 

+     0.08 

i, 

+ 

0.11 

—     0.03 

—.05 

—.03 

+0.25 

—2,— 1 

„ 

0.03 

+     0.02 

—.03 

—.06 

—0.206098 

+       0.08 

—     0.08 

—1, 

„ 

0.05 

+     2.16 

—.02 

+  .01 

—0.259601 

+       1.23 

—     1.23 

0, 

— 

o.oe 

+     0.09 

-.06 

+.09 

—0.350623 

+  276,62 

+  34.79 

4-1 

+3481.41 

—     1.33 

—.01 

0 

—0.539942 

—1508.18 

+     5.78 

2, 

+ 

94.20 

+  71.06 

—.08 

0 

—1.173630 

+     20.85 

-286.59 

3, 

+ 

5.78 

+  15.63 

+.04 

—.02 

+6.75940 

—     79.56 

+194.17 

i, 

+ 

1.27 

+     1.66 

—.03 

0 

+0.871126 

—       1.10 

+     1.79 

5, 

+ 

0.14 

+     O.Il 

—.01 

—.04 

+0.4656 

+       0.03 

+     0.13 

—1,-2 

+ 

0.16 

+     0.10 

—.01 

+  .04 

—0.149162 

+       0.19 

~     0.13 

0, 

+ 

0.01 

+     0,07 

+.01 

+.07 

—0.175312 

+       6.34 

+  31.39 

+  1, 

+ 

93.24 

—430.37 

—.06 

—.02 

—0.212580 

—     47.47 

—275.33 

2, 



408.28 

—  20.60 

0 

—.02 

-0.269971 

—  897.05 

+     3.35 

3, 

_ 

91.90 

+  64.33 

—.01 

+.01 

—0.369806 

—  166.93 

—142.50 

4, 

_ 

6.77 

+  18.17 

—.01 

—.13 

—0.586813 

~       7.44 

—  41.13 

5, 

+ 

0.91 

+     2.45 

+.03 

0 

—1.42022 

+       4.06 

—     8.75 

15, 

+ 

0.29 

+     0.15 

+.02 

—.02 

+3.3797 

—       1.53 

+     1.09 

1,-3 



38.78 

—  17.03 

—.06 

0 

—0.132342 

+     29.78 

—  12.65 

2, 

+ 

1.02 

+  18.68 

0 

—12 

—0.152528 

+       8.79 

—  32.66 

3, 

254.29 

+     2.37 

+.02 

0 

—0.179981 

—  454.55 

—     1.28 

4, 

— 

71.88 

+  50.13 

—.04 

—.07 

—0.219482 

—  107.20 

—  88.50 

5, 

_ 

5.69 

+  17.01 

—.04 

+.06 

—0.281202 

—       5,00 

~  27.61 

6, 

+ 

0.91 

+    2.73 

+.04 

—.03 

—0.391210 

+       2.15 

—     4.30 

7, 

+ 

0,35 

+     0.19 

+.01 

—.05 

—0.6426 

+       0.79 

—     0.38 

3,-4 

+ 

3.10 

+  18.78 

+.07 

0 

+0,11893 

+       7.05 

—  29.73 

4, 

_ 

l45.0 

+     3,51 

—.04 

—.09 

—0.13500 

—  230.83 

—     3.28 

5, 

_ 

49.9 

+  34.85 

0 

—.15 

—0.15605 

—     67.74 

—  54,60 

G. 



4.7 

+  13.95 

—.20 

+.09 

—0.18490 

—       3.63 

—  19.80 

T, 

+ 

0.8 

+     2.62 

+.05 

—.03 

—0.22685 

+       1.65 

—     3.36 

8, 

+ 

0.3 

+     0.2 

—.05 

—.06 

—0.2934 

+       0.57 

—     0.27 

5,-5 

_ 

79.3 

+     2.7 

—.25 

—1.35 

—0.1080 

—  116,4 

—     3.5 

e, 

_ 

32.4 

+  22.7 

—.10 

0 

—0.1211 

—     41,3 

—  32.7 

7, 

_ 

3.5 

+  10.5 

—.10 

+.10 

—0.1377 

—       2.6 

—  13.9 

8, 

+ 

0.8 

+     2.3 

+.10 

0 

—0.1597 

+       1.3 

—     2.6 

fl- 

+ 

0.3 

+     0.2 

0 

—.10 

—0.1901 

+       0.5 

—     0.2 

Hosted  by 


Google 


THE   on  BIT   OP   URANUS. 


The  values  of  --J  UiBf^dt  are  formed  from  -  ,'  ly^R  by  simple  multiplication  by 
V,  and  proper  changes  of  sign.     The  values  of  k^  and  1c,  are  then  foj 
the  terms  of  2  — \j  iyt^dt  to  the  corresponding  terms  of  —, 


The  values  of  k^  and  k,  are  then  formed  by  adding 
6^- 


Perturhaiions  of  radius  vector. 
Let  us  now  resume  equation  (19),  and  put  for  brevity 

M=  - 


(44) 
,  -j-3,  — 3,  we  have 


■,'if=Mx 


0.(1+") 
If  we  give  to  u  the  successive  values  0,  +1,  — 1,  -)-2, 
^XfP^qt  {"t — "  -i)  J ^8 cos  TT-j-i,  sin  N\ 
+  J2i(i'«<-i)+i'»-i)?f)(>'.— ni-o)  j*,cos(i\r+  g)  +J,sin(A'+y)j 
+  i  2,  (i>,4iM.„  +iJ(f+.]?,X>'.— i'-wd)  1  i.  cos  ( y—  j)  +i,  sin(  A'— 3) ! 
+  JS.(j>*i-!i— i'(i-!>?i)(i'i— ''(i-o)t*.'^<>s(iV+2sr)+J,sin(iV+2j)j 
+  etc.  etc.  etc.  etc, 

tlie  finite  integral  being  taken  with  respect  to  all  values  of  i  from  —  oc  to  +  oc, 
and  the  terms  in  which  the  angles  NA-uq  vanish  being  omitted.  Proceeding  far.- 
ther  to  expand  with  respect  to  i,  if  we  collect  similar  terms  we  shall  find  the  indi' 
vidual  terms  in  r^^p  to  be  as  follows : 

ft?i  ("i  —  "-i) 
+  M>  ("1  —  "-O 


-.\i 


17£,cosiS^+i,sinjyj 


r  Ml   (n- 

+  '      I  +(m.+m.)(-.- 

I  -}-  etc.  e 

\  Ml    ("0- 

lijf  )  +(;''?'+Mi)(-i- 

4-  etc. 


J 


-"-.) 


1  *,  cos  (iV+  g)  +1,  sin  {N+  g)  ] 


[i,ms{lf—g)  +7s,sin(A'— jr)! 


s(if+2j)+7»,sin(iVH-2;,)i 


etc. 

Ma  (>'!  —  >■.)  1 

etc.  etc.  J 

Bj!    (".  —  "-a)  1 

(M.+M.)h-0  ^  li,cos{iy-2<,)+i.sin(jV-2<,); 

etc.  etc.  J 


+  {Pi1,+P4li)(''<  —  v,,) 
+         etc.  etc. 


Si,  cos  {N+  Sg)  +  h,  sin  (N  +  ig)  \ 
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+  iM 


1  + 


etc. 


etc. 


j  h  cos  {N  —  Zg)  +  fc,  sin  (^  —  Zg)  { 


A  law  of  the  factors  of  Zr,  cos  (JV-f-  «^)  +  '■^s  sin  (-^'+  ^S*)  "'hich  will  be  noticed 
in  the  above  expiession,  is  this :  Representing  this  factor  by  IQ,  we  have 

the  index  i  representing  the  coefficient  of  g  in  N,  so  that  only  half  the  values  of 
Kneed  be  separately  computed. 

As  the  computation  of  ri'Sp  from  these  formulEe  can  be  arranged  in  such  a  way 
as  to  be  very  simple,  the  computation  of  the  terms  in  which  the  index  i'  is  — 1  is 
here  presented  quite  fully.  The  logarithms  only  are  omitted,  being  used  only  in 
the  cases  in  which  they  are  more  convenient  than  a  table  of  products.  In  prac- 
tice I  find  it  convenient  to  write  them  in  red  ink  immediately  under  the  numbers 
which  they  represent. 


First,  to  find  if,  it  will  be  noticed  that  in  the  expression 


,  the  a  in  the 


«,(!  +  ») 

numerator  represents  the  mean  distance  of  the  dislurhed  jilanet,  as  deduced  from  the 
observed  mean  motion  by  the  equation  aV:=/:((l+wi)  while  «(  represents  the  mean 
motion  of  the  outer  planet.     "When  the  outer  planet  is  the  disturbed  one,  the  ratio 

—  would  be  unity,  but  that,  to  avoid  a  large  class  of  second  order  terms,  a^  has 

been  corrected  for  perturbations  in  the  beginning  (p.  33).  In  the  case  of  Uranus 
disturbed  by  Saturn,  we  have  in  consequence 


Whence 


=  9.999803. 


M=2So.U 


in  units  of  the  sixth  place  of  decimals. 

Computing  the  values  of  j?(  and  qt  from  (16)'  we  find,  for  tlranus, 
IM  p,q,  =-1-142.56 


lUpiii               =  + 

0.0784 

JJfftJ, 

10.044 

Jilf(M,+i),7,)=  + 

3.3433 

JJf(j),(7, +j),5s)=  + 

0.0028 

In  units  of  the  sixth 

i  M  J>o!a               =  — 

0.2368 

place  of  decimals. 

JJlffM,+M,)=  + 

0.118 

i  M  J>.?!               =  — 

0.008 

i«"(M.+M,)=  + 

0.005 

iM(ptq,—]>^qd—  + 

0.003     . 

the  computation  the  first  tlii-ee  lines 

are  copied 

from  previous  pages. 
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i'=  — 1 

,■ 

—4 

—3 

-2 

—1 

0 

+1 

2 

3 

4 

6 

V 

-0.1159 

-0.1709 

-0.20C10 

-0.25960 

-0.35062 

-0.58994 

-1.17363 

+6.75940 

+0.87113 

+0.4656 

k<, 

+0.08 

+1.23 

+276.62 

-1508.18 

+  20.85 

-  79.56 

-1.10 

+0.03 

+142.56 

k. 

-0.08 

-1.23 

+  84.79 

+6.70 

-886.59 

+194.1! 

+1.79 

+0.18 

—  .0887 

—  .14452 

—  .28034 

—  .82301 

+7.29934 

+2.04476 

—6.2938 

— 0..W35 

+     l).07S4 

H—'-i 

—  .2047 

—  .3890 

—  .9675 

+7.0190 

+1.2218 

+  1.0055 

+  1.4913 

-6,5188 

—  10.044 

—  .0535 

—  .0910 

—  .1893 

—  .63368 

+7.9330 

—5.8883 

—0.4056 

+     3.3433 

—  .1797 

-  ,3338 

—  .9140 

+7.1100 

+1.4110 

+  1.6393 

-6.4417 

+     0.0038 

'a— '^a 

—  .33 

—1.00 

+6.96 

+1.13 

+0.82 

+0.86 

+  1.41 

—    0.2358 

—  .144 

-  .380 

—  .823 

+7.299 

+2.045 

—6.294 

+     0.118 

•j— »-i 

—  .309 

—  .968 

+7.019 

+1.222 

+  1-006 

+  I.i90 

—  .91 

+1.41 
+0.82 
+  7.93 

+1.64 

4-    o!o05 
+     0.0003 

—1.00 

+6,97 
—  .19 

+0.t6 

'=->-! 

—  .09 

—5.89 

142, 5  G 

X  (»i— »-i) 

—12.35 

—20.60 

-39.965 

—117,327 

+1040.69 

+291.49 

—897.2 

—78.8 

0.0784 

X('.— -,) 

—  0.02 

—  0.03 

—  0.075 

+0.550 

+0.10 

+0.08 

+0.1 

—  05 

—    30.044 

■Ko 

-12.3! 

-20.63 

-^0.040 

-116.777 

+1040.69 

+291.57 

-897.1 

-79.3 

X  (»i— 'o) 

+0.632 

+0.914 

+  1.901 

+  6.364 

-79.68 

+51.14 

+  4.1 

+     3.3433 

X(»i— V-,) 

—0.601 

-1.12S 

—3.058 

+23.770 

+  4.72 

+  5.48 

—21.5 

-1-     0.0028 

X  (•.-.->) 

— O.OOX 

—0.003 

+  0.020 

+  0.0U3 

0 

0 

0 

—  .2353 

X  (*!—'„) 

-0.20 
-0.07 

-1.185 
—0.205 

+30.137 
—  1.135 

-74.96 
+30.14 

+64.62 
—74.96 

—17.4 
+64.6 

::::::::: 

+0.034 

+0.066 

+0.194 

-1.721 

—0.48 

+  1.48 

+   .118 

XC',---!) 

—0.043 

—O.IU 

+0.828 

+0.144 

+0.12 

+  0.18 

—  .008 
+  .005 

£. 



+1.022 
-0.009 

-1.677 
-0.048 

-0.86 

+J.02 

+  1.66 
+  1.58 

x(.,-..) 

+  .003 

+  .007 
+  .035 

—Oil 

—.013 

+.004 

+  .004 

—.007 
-.002 

^.009 

+.042 

ffo     fc 

_  1 

—  20 

—11076 

+  176117 

+21698 

—23197 

+  991 

—2 

ff.      fe 

0 

0 

—314 

—45452 

—1563 

—5142 

+19 

A    ,ltB 

0 

—  56 

+1712 

+  828 

+  5064 

0 

0 

.s:,  its 

0 

0 

0 

0 

+  282 

4-2378 

—8 

—132 

F_,«-o 

-  3 

+  72 

+21 

+128 

0 

0 

0 

0 

a:,  kc 

0 

0 

0 

0 

0 

0 

+s 

0 

K    ko 

+  3 

+     1 

0 

0 

0 

0 

0 

0 

VJp«ios) 

-1 

—    9 

—9343 

+  176557 

-17508 

-22453 

-4161 

—115 

{         0 

0 

-438 

4-8283 

— (<2l 

-1053 

—195 

X. 046915 

—438 

+  S2S3 

—821 

—1053 

—195 

—  5 

1—28 

0 

0 

0 

—26 

+485 

-48 

—62 

X. 002751 

+485 

—48 

—63 

—11 

0 

0 

0 

X. 000168 

+30 

_    3 

—  4 

—  1 

—2 

+.W 

—3 

+  3 

+  8* 

—1112 

+176235 

-10315 

-22986 

—5227 

-376 

+      1 

+  26 

—1393 

—676 

-2982.''.4 

+56814 

—1608 

—10 

K,    ka 

0 

0 

+  175 

-1-21483 

+  12548 

—30 

K  ,h 

0 

-    7 

-8637 

-14556 

+  116 

-2 

0 

K,   k. 

0 

0 

~0 

0 

+36 

+  104 

+322 

J^,k, 

0 

0 

—293 

—306 

—    1 

0 

0 

0 

X+.,  Ig 

0 

—  11 

0 

0 

0 

—1 

T^  if  (sin) 

+  1 

+    8 

-1692 

-9658 

-312600 

+78204 

+11044 

+281 

{  s 

(         0 

^    0 

0 

-  79 

—453 

—14868 

+3689 

+  518 

X.046915 

—  79 

-453 

—14666 

+  3889 

+518 

+13 

0 

0 

0 

0 

—  5 

—27 

—860 

+  215 

X.00275I 

{-5 

—  27 

—860 

+215 

+30 

0 

0 

0 

X -000168 
cos  ^  !p  (sill) 

—  5 

—  53 

4-  13 

4-2 

0 

—3 

i-  9 

—  151 

—2992 

-24186 

-309359 

+64029 

+13864 

+961 
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In  forming  the  next  ten  lines,  it  will  be  noticed  that  the  value  of  t„  correspond- 
ing to  any  vertical  column  is  found  u  columns  to  the  right.  It  is  therefore 
necessary  to  extend  the  line  v  two  columns  at  ea^h  end.  The  extension  on  the 
right  is,  however,  omitted  for  want  of  space.  In  performing  the  subtractions  it 
will  be  convenient  to  copy  the  v's  again  on  the  lower  edge  of  a  horizontal  strip  of 
paper,  and,  in  forming  the  differences  v^ — vj  to  lay  the  strip  above  the  line  of  j^'s, 
and  u — u'  columns  to  the  right. 

On  the  left  of  each  line  of  differences  is  written  the  factor  by  which  that  line  is 
to  be  multiplied. 

The  mode  of  formation  of  the  iT's  is  evident  from  the  formula. 

It  will  be  seen  that  the  same  computation  which  gives  K^  gives  also  ifl„,  only 
the  latter  belongs  u  columns  to  the.  right. 

Each  k^  and  i,  is  multiplied  in  succession  by  all  the  JCs  which  lie  below  it  in 
the  same  column,  but  the  product  by  K„  is  to  be  written  u  columns  to  the  right, 
and  that  by  K_„  u  columns  to  the  left.     The  sum  of  the  products  in  any  one 

column  gives  the  coefficient  of 

This  quantity  being  multiplied  by  —S-  =  — y^ —  we  have  cos  -^^p,  which  only 

needs  to  be  multiplied  by  sec  4-  ^^  1.001103  to  give  ^p.     The  units  of  r^^^p  and 
^p  correspond  to  the  ninth  place  of  decimals. 

All  the  periodic  terms  are  to  be  treated  in  this  manner,  all  the  series  of  values 
of  kg  and  kg,  including  the  constant  term,  being  subjected  to  the  same  process. 
But,  when  i'  and  i  are  both  zero,  v  will  be  infinite.  Here  we  simply  omit  the  !■, 
treating  it  as  if  it  were  zero.  We  thus  obtain  the  complete  value  of  the  terms 
with  constant  coefficients  in  ri%  and  ^p  which  are  given  in  the  following  table. 
The  terms  multiplied  by  the  time  are  still  to  be  computed.  They  arc  derived  from 
(20),  which  may  be  put  in  the  form 

This  expression  is  computed  thus : 


«         p. 

0  —.140783 

1  +.99917 

2  +  .0234 

Ic'f 
—  1244.31 
+     3278 
+       4.06 

0 

+  .99972 
+  .0234 

0 
—20.90 
—  1.86 

+175.18 
+  32.75 
+     0.09 

0 

+20.89 
+  0.04 

Wo  have  now 

=  +  208.02; 

imp. 

M: 

:'  =  +  29689 

— 2g„^-'^'  — +    20.93; 
ri^Sp  =  —  210  nt 

+  2986  nt  cos    g       +  29681  nt  sin    g 

-\-      70  nt  cos  2g       +      697  nt  sin  2? 

-j-        2  id  cos  Zg       +        24  id  sin  3(/, 

in  units  of  the  ninth  place  of  decimals.     The  value  of  cos  iJ-'V  i^  obtained  from 

them  by  multiplying  by  rr^,  exactly  as  in  the  case  of  tlic  constant  terms. 
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r' 

Sf 

cos 

4Jp 

logMv 

9      V 

cos 

sin 

cos 

sin 

0,     0 

—210  nt 

— 70ji( 

+139n'( 

1, 

+3986  Jii 

+29681  jii 

+3978  ni 

+29C33  nt 

2, 

+10  nl 

+691  nt 

+309  nt 

+2084  nt 

3, 

+  2  Hi 

+24  «( 

+14  n( 

+139  ni 

0,     0 

—355045 

—354347 

oc 

0 

1, 

■4-14815 

—1503 

—18411 

—1496 

2,45551 

—2912 

+14206 

2, 

—283 

+49 

—1536 

—21 

2.35448 

—639 

+457 

3. 

—20 

-_  1 

-_112 

—  2 

1.97839 

—46 

—8 

_2,— I 

—  1 

+   1 

+  3 

—  9 

1.7696 

+   1 

+2 

—1, 

—10 

+  8 

+34 

—151 

1.8698 

+12 

—99 

0, 

—9343 

—1692 

-1112 

—2992 

2.00035 

—2876 
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THE    ORBIT   or   rHAXUS.  49 

Perturhations  of  Longitude. 

The  perturbations  of  the  longitude  are  now  to  be  computed  by  formulas  (24). 
To  do  this  in  the  most  simple  way  we  remark  that  the  numbers  given  on  page  42, 

under  the  heading  -       are  those  represented  in  formula  (42)  by  v,  and  v^.     If 

c'v 
we  put 

nt  =  t' 

equation  (24)  may  be  put  into  the  form 

but  we  have  from  (42) 

If  now  we  represent  the  numerical  values  of  cos  i^-i^p,  already  found,  by 

2  (p,  sin  iV-j-  pa  cos  W), 
and  if  we  substitute  these  expressions  in  the  above  value  of  -J--,  the   latter  will 


'^"^  =  rr' 2  {(V.  —  2p,)  sin  iV+  (v^  —  2p,)  cos  iV j , 


dV 
where  we  put  for  brevity 


Vg  =       Mvv^, 
Vj  ^^  —  MvVg. 


The  numerical  expression  for  rc^  is  given  on  page  40,  and  By  multiplying  the 
quantities  within  brackets  by  this  expression,  after  the  manner  explained  on  pages 

40  and  41,  we  form  the  terms  of -j"-.     Multiplying  each  of  these    terras   by  its 

corresponding  value  of  r,  changing  cos  to  sin  and  sin  to  cos,  we  have  the  coefficients 
in  the  expressions  for  Sw  given  on  page  50. 

.  As  previously  mentioned",  before  commencing  the  above  computation,  I  had 
computed  all  the  perturbations  of  Uranus  by  the  method  of  "perturbations  of  the 
elements,"  using  the  formulae  developed  in  my  Investigation  of  the  Orbit  of  Nep- 
tune. The  two  results  are  here  placed  side  by  side,  for  the  purpose  of  comparison. 
The  discrepancies  in  the  various  coefficients,  expressed  in  thousandths  of  a  second, 
are  shown  in  the  sixth  and  seventh  columns. 

It  will  be  seen  that  the  largest  discrepancies,  and  indeed  the  only  ones  (with  a 
single  exception)  exceeding  one-tenth  of  a  second,  occur  in  the  coefficients  of  the 
terms  1J — I  aug  %g' — I.  Here  the  errors  are  almost  certainly  in  the  computation 
from  perturbations  of  the  elements.  Owing  to  the  long  period  of  'the  term  3^ — I 
they  would  not  become  sensible  in  the  course  of  any  one  century. 


Hosted  by 


Google 


THE    CEBIT   OP   UEANTIS. 


Pehtubbations  0 

THE  Longitude  op  Uranus 

PRODUCED  BY  THE  AC 
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Perturhations  of  Latitude. 

These  are  computed  from  the  formulae  (21)  and  (40),  no  reductions  being  made 
from  hk  and  hn  to  hp  and  hq^  but  the  perturbations  of  the  latitude  being  computed 
directly  from  the  former  by  (40).  We  have  only  to  represent  the  expressions  for 
hk  and  h^i  by 

hk^  —  Sctfl  cos  N —  Sa,  sin  K 
hr,  ^^       Sa's  cos  N-\-  Xa\  sin  N 

and  substitute  u  for  n  in  the  equations  (40)  from  which  ^/3  is  computed. 

The  principal  steps  of  the  computation  arc  shown  quite  fully  in  the  following 

table.     The  values  of 

dli       1        1       dh 

■ :=  -  COS  A  y 

dy       2        ^^   da 

are  first  formed  from  those  terms  of  It,  on  pages  37  and  38,  which  contain  g  as  a 
coefficient.     Then,  having  for  each  original  term  of  R 

SB        m'  oh     ^^  .j- 

-     ■  =^ —  cos  iV 

dy        t*i    oy 

all  the  terms  which  have  the  same  coefficients  of  A  and  X  in  N  are  combined  into 
two  depending  on  y  and  I'  as  shown  in  the  case  of  R  on  page  36.  The  coefficients 
of  these  terms,  in  units  of  the  tliird  place  of  decimals,  are  given  in  the  columns 

headed  — -. 

dy 

The  value  of  ^-  sin  N  being  formed  for  each  term  of  _fi,  all  the  terms  dependmg 

on  the  same  multiples  of  X  and  X'  are  combined  into  two,  of  which  the  coefficients 
are  given  under  the  proper  heading.  The  terms  of  (i  +i)  '^^'^  ^™  ^  being  formed 
in  like  manner,  we  have,  by  adding  the  last  two  expressions,  all  the  quantities 
which  enter  into  the  formula  (27).  To  integrate  these  equations  thus  forming 
the  numerical  values  of  bk  and  §57  we  have  only  to  multiply  each  term  in  the 
second,  third,  eighth,  and  ninth  columns  of  the  table  by  the  corresponding  values 

of  -  _"*'**'.    for  which  we  may  use  the  value  of    .    ''     already  given. 

Oi  cosii-  sm  1 

The  quantities  given  in  the  four  columns  under  hk  and  —  hn  show  the  values 
of  —  a^,  —  a,.,  —  a'^,  —  a',,  corresponding  to  each  argument.  From  these  the 
terms  of  5/i  are  formed  by  equation  (40)  with  the  modification  mentioned  above. 
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Phrturbations  of  the  Latitude  produced  by  Saturn. 
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CHAPTER    III. 

PERTTJRBATIOXS  rRODTJCED  BY  NEPTUXE  AND  JUPITER. 

The  perturbations  of  Uranus  by  Neptune  were  originally  computed  with  ele- 
ments of  both  planets  quite  different  from  those  finally  adopted.  But  the  last 
computations,  on  which  the  concluded  values  of  the  perturbations  depend,  were 
made  with  the  concluded  elements  of  Neptune  found  in  my  investigation  of  the 
orbit  of  that  planet/     They  are  as  follows: 

TT,  43     n     30 


9, 

130       7     33 

f, 

335       5     39 

*. 

1     47       1.6 

n, 

7864.935 

e, 

0.0084963 

logs, 

1.478141 

Mass, 

Hence  follow  the  following  functions  of  the  elements  of  Neptune  and  Uranus: 

a  =    0.638195 

o=    12°     W     58" 

J  =  241       45      20 

y  =      1       30     29.6 
a  =  sml'y~     0.013161 

M^  3T.523  (in  units  of  6th  place  of  decimals). 
From  these  values  of  the  elements  are  obtained  the  following  values  of  the 
various  terms  in  the  development  of  the  perturbative  function,  and  of  v.  As  the 
developments  have  been  formed  on  the  same  principle  as  in  the  case  of  Saturn,  it 
is  deemed  unnecessary  to  give  the  details  of  the  process.  It  is  only  necessary  to 
remark  that  the  indices  i'  and  *  are  the  coefficients  of  l'  and  (/  respectively,  the 
mean  longitude  of  Neptune,  or  I',  being  counted  from  the  perihelion  of  Uranus. 

■  Smithsonian  Contributions  to  Knowledge,  Vol.  XY. 
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Action  of 

Neptune. 

R  =  - 

^/^^ 

"—  X 

SR_.:^ 

Q=^x. 

V 

6" 

dfi     "1 

' 

__ 

i'      i 
0,      0 

+1135.63 

0 

0 

+  0.202 

+338.36 

0 

+368,26 

■0 

0 

+  1 

18.  U7 

+      1.01 

—  1.23 

—  64,80 

—  5.89 

—100.94 

8.39    +10 

+  2 

-!- 

D.41 

—  O.03 

—  o.s 

—  0.1 

+     2.98 

+  0.13 

+     3,82 

+ 

0.06 

+  0.5 

+  3 

0 

0 

0 

0 

0 

0 

0 

0 

+  0.33333 

1,—  3 

+ 

0.21 

—  0.01 

+    0.7 

—  0.2 

+     1,6 

+  0.2 

+    2,1 

+ 

0.1 

—  0.40158 

*_-  2 

B.-2t 

—  0.62 

-    4.93 

+  1,37 

—  29  5 

+  0.6 

—  43,5 

1.1 

—  0.67107 

-  1 

+.  134.19 

+  0,30 

+133,98 

—  0,08 

+509.94 

+  0.77 

+1057.49 

+ 

1.99 

—  2,04023 
--  1.96137 

0 

2bA5 

-10  4:t 

—  18,0J 

+  D.02 

—  84  57 

-11,47 

—  84.57 

11.47 

+   1 

+ 

1.13 

+  1,19 

+     0.5 

—  0.1 

+     5.83 

+  0.83 

+     7.31 

+ 

1.07 

-,   0,66232 

+  2 

0.05 

+  O.Ol 

+    0.02 

+  0.02 

—    0.24 

0 

-     0.32 

+ 

0.02 

-  -  0.39843 

2,-4 

+ 

0.85 

-  0.03 

+     2.1 

0 

+     2.5 

+  0.1 

+     4.8 

0 

—  0,33554 

—  3 

+ 

13.53 

—  1,01 

+  27,7 

+  3,1 

+  18.7 

-2.t 

+  59.7 

5.5 

—  0.50497 

+  375.92 

+  0,36 

+751,59 

—  0.73 

+9  7,82 

+  1,25 

+2491,69 

+ 

2.72 

—  1,02009 

—  1 

e«.090 

—  3.180 

—117  903 

+  3,203 

—171.79 

—13: 13 

+5931.21 

+309.52 

+  60.7820 

0 

+ 

3.31 

+  0  46 

+     59 

—  0.4 

+  12,24 

+  1.84 

+  12,24 

+ 

1.84 

+  0,98069 

+  1 

0.09 

—  0.01 

—    0.09 

+  o.oa 

-    0.51 

—  0.08 

—     0,60 

0.09 

+  0.49513 

3,-  5 

.. 

0  83 

—  O.04 

+     27 

+  0.3 

+     3.0 

—  0,1 

+     5.5 

_ 

0.2 

~  0.28814 

—  4 

12.09 

-  0.9J 

+  36.9 

+  3,8 

+  34,5 

—  3.6 

+  73.6 

6.7 

—  0,40478 

—  3 

2IHt.37 

—  0.04 

+601.13 

—  0.42 

+717,94 

+  0.81 

+  1535.51 

+ 

0.65 

—  0.68006 

—  3 

53  33 

—  9.88 

—150,02 

+  19.81 

—  190  33 

—27.51 

—635.23 

—  11.69 

—  2,12559 

—  I 

+ 

&.05 

+  1.56 

+  13,8 

—  3.1 

+  20.12 

+  4.65 

+     1.0 

1.2 

+  1.88844 

0 

0.24 

—  0.07 

—    0.58 

+  0.15 

—    1  11 

—  0.3O 

—     1.11 

— 

0.30 

+  0.65378 

4,-  G 

+ 

0.7^ 

—  0.07 

+     3.2 

+  0.3 

-1-     3,4 

—  0.2 

+     6.7 

— 

0.4 

—  0,25249 

—  5 

+ 

9.47 

-  0.79 

+  38.3 

+  40 

+  38.5 

—  39 

+  70.4 

6.6 

—  0,33777 

^  4 

+ 

ll.Ili 

—  0.12 

+444,7 

—  0.18 

+512.32 

+  0.35 

+  965.7 

0.1 

—  0-51004 

—  3 

38.58 

—  7.*J 

—149. 10 

+22,37 

—178.15 

—27  95 

—419.12 

74.36 

—  1,04100 

+ 

5.205 

+  1,893 

+  19.54 

—  5,50 

+  25.30 

+  7.19 

-503.8 

— 

85.4    \  +25.3910    1 

—  1 

0.36 

—  0.17 

—     1.28 

+  1.49 

—    1.90 

—  0.70 

—    1.21 

— 

0.37 

+  0,96210 

5,-7 

-f- 

0.65 

—  0.07 

+     3.5 

+  0.4 

+     3.5 

-  0.3 

+     5.5 

— 

0.5 

—  0,22468 

—  e 

+ 

6.97 

—  0.59 

+  35.1 

+  3.4 

+  36.7 

—■  3.4 

+  60.9 

5,5 

—  0,28984 

—  5 

+ 

63.03 

—  0.16 

+315.3 

+  0.1 

+354.8 

—  0.1 

+  612,0 

0.7 

—  0.40804 

—  4 

27.43 

—  5.32 

—133.4 

+21.4 

— 153.B 

-25.3 

—304.8 

64,6 

—  0,68929 

—  3 

4- 

4.84 

+  1.81 

+  23,0 

-  7.0 

+  27.82 

+  8.67 

+  92.2 

+ 

32.7 

—  2.21843 

—  2 

0.45 

-0.34 

—    3.09 

+  0.90 

—    2.77 

—  1.14 

+     0.48 

+ 

0.57 

+  1,82073 

—  1 

+ 

0.03 

+  0.02 

+     0.12 

—  0.03 

+     0.18 

+  0.09 

+    0.15 

+ 

0.07 

+  0,6455 

6,-7 

-1- 

4.9-! 

—  0,41 

+  29  8 

+  2.7 

+  31.5 

~  2.9 

+  49.0 

— 

4.4 

—  0,2538 

—  li 

+ 

36  11! 

—  0,17 

+  317,1 

+  0,4 

+  239.9 

—  0.4 

+387.4 

1.1 

—  0.3400 

—  5 

19.04 

—111.6 

+  18,8 

—125.7 

—21-4 

—223.8 

40.6 

—  0,5152 

+ 

4.U 

+  1,59 

+  23,9 

—  7.8 

+  27-76 

+  9.06 

+  B3.0 

+ 

22.6 

—  1,0628 

—  3 

0.490 

-  0.271 

—     2  79 

+  1.30 

I     3,42 

—  1.55 

+  46.40 

+ 

26.01 

+16.9273 

—  2 

+ 

0.036 

+  0.02li 

+     0.20 

—  0-12 

+     0,28 

+  0.16 

+     0.14 

+ 

0.06 

+  0.9443 

7,—  8 

4- 

3.41 

—  0.29 

+  24,0 

+  2.1 

+  25.5 

—  3.5 

+  37.8 

_ 

3.5 

—  0.2267 

—  7 

+ 

20.90 

-  0.16 

+146.4 

+  0.4 

+  160  0 

—  0.6 

+245.3 

1.3 

—  0-2914 

—  e 

13.99 

—  2,54 

—  89  3 

+  15.4 

—  98.9 

—17  2 

—163.1 

29,8 

—  0-4113 

+ 

3  40 

+  1.31 

+  23.0 

—  7.7 

+  26.0 

+  8.8 

+  49.8 

+ 

18.0 

—  0.69S8 

0.4S7 

—  0.276 

-    3,25 

+  1.61 

—     3.79 

—  1.87 

—  12.83 

—  2.3198 

—  3 

4- 

0.044 

+  0.031 

+     0  28 

—  0.19 

+     0.37 

+  0.24 

—    0.09 

— 

0.12 

+  1.7577 

8,-9 

+■ 

2,35 

—  0.20 

+  18.8 

+  1.6 

+  19-6 

—  2.1 

+  28.1 

— 

1.2 

—  0.2032 

—  8 

+ 

13.20 

—  0.13 

+  96  6 

+  03 

+105.0 

—  07 

+154.8 

1.3 

—  0,2550 

—  7 

8.8 

—  1.71 

—  68.9 

+  12.1 

—  75.5 

—13.1 

—117.7 

21.3 

—  0,3423 

+ 

2  09 

+  1,05 

+  21,0 

—  7,1 

+  2:i.2 

+  8.1 

+  40,0 

+  ^■l 

—  0,5305 

_  5 

0  45 

—  0,2'i 

—    3.5 

+  1.8 

—    3.90 

—  1.99 

4.S 

—  1.0865 

, —  4 

+ 

O.049 

+  0.039 

+     0.37 

—  0.28 

+     0.45 

+  0.31 

_    4.50 

— 

3.69 

+  12.6955 

9,-  9 

+ 

7.0 

^  0.1 

+  63.4 

4-  0.1 

+  68.2 

—  0,6 

+  96.8 

_- 

1.0 

—  0.2267 

59 

—  1.13 

-519 

+  9.1 

—  56  3 

—  9.9 

—  84.0 

15.3 

—  0.2931 

—  7 

+ 

2.0T 

+  0.81 

+  18.1 

~  6,4 

+   198 

+  7.0 

+  31.8 

+ 

11.7 

—  0-4147 

—  6 

0  39 

—  0.25 

—    3.4 

+  1,9 

—    3.78 

—  3.03 

—    7.1 

4.1 

—  0.7085 

—  6 

+ 

0,050 

+  o.wa 

+     0.43 

—  0.32 

+     0.51 

+  0.36 

+     1.72 

+ 

1.38 

—  3.4308 

10,-10 

+ 

4,1 

—  O.I 

+  43. 

0 

+  44.3 

—  0.5 

+  61. 

_ 

0.8 

—  0,2040 

3.9 

—  0,8 

—  40. 

+  6. 

—  42.0 

—  7.0 

—  60. 

11. 

—  0,2563 

—  8 

+ 

1,6 

+  0.6 

+  14.7 

—  5.6 

+  16.1 

+  6.0 

+  25.1 

+ 

9.3 

—  0.3448 

—  7 

0,3 

-  0.2      , 
+  0.04  ^ 

—    3.1 

+  1.9 

—    3.5 

—  1.9 

3.4 

—  0.5259 

—  6 

+ 

0,05 

+     0.46 

—  0.37 

+     0.53 

+  0.40 

+     l!l6 

+ 

0.96 

—  1,1093 
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The  term  of  Long  Period. 

From  the  expressions  for  the  perturbations  of  Uranus,  subsequently  given,  it  will 
be  seen  that  several  of  the  terms  have  very  large  coefficients,  that  of  sin  {21—  g) 
being  nearly  an  entire  degree.  The  maguitude  of  most  of  the  terms  iii  which  i'  is 
even  arises  from  the  near  approach  to  commensurability  in  the  mean  motions  of 
the  two  planets.  Twice  the  mean  annual  motion  of  Neptune  exceeds  that  of 
Uranus  by  only  303".8.  The  elements  of  the  orbits  of  both  planets  will  tiierc- 
fore,  in  consequence  of  their  mutual  action,  be  affected  with  a  slow  oscillation, 
having  a  period  of  about  4266  years.  The  employment  of  these  large  terms  and 
the  great  inconveniences  to  which  they  will  give  rise,  especially  in  the  corrections 
of  the  elements  of  Uranus,  may  be  avoided  by  the  device  employed  in  the  theory 
of  Neptune,     The  following  are  the  essential  features  of  this  method: 

First,  all  the  perturbations  arising  from  that  portion  of  the  perturbative  func- 
tion in  which  the  coefficient  of  the  time  is  2n' — n  or  its  multiples  are  considered 
and  developed  as  perturbations  of  the  elements. 

Secondly,  the  arbitrary  constants  to  be  added  to  the  integrals  of  these  perturba- 
tions are  so  taken  that  the  perturbations  shall  vanish  at  the  epoch  1850.0. 

In  other  words,  the  perturbations  in  question  will  be  treated  as  producing  secular 
variations  of  the  elements  of  the  orbit,  only,,  instead  of  being  developed  in  powers 
of  the  time,  these  variations  will  bs  retained  in  their  rigorous  form. 

The  formulse  for  the  computations  of  the  perturbations  in  question,  are  as 
follows ; 

Let 

7t  cos  (i'  l'-\-il  +/(j'  -j- jtj)  1=  —  cos  J*/" 

be  any  term  of  the  perturbative  function,  h  being  a  function  of  a,  e,  and  a. 

sin  ij/  :^  e 
g  =  cos  1^  tan  |  ^ 


iii'-\-  in 


For  each  such  term,  compute 


A  = 

Ilk 

L  = 

-3«A 

-l^+ 

eW= 

ens  J/ 

de 

E=- 

-K'V+i'">^i') 

T  = 

h^^'  +  {i-\-j)oh. 


Hosted  by 


Google 


56  THE   ORBIT   OF   TJRANTJS. 

The  corresponding  perturbations  of  the  elements  may  then  be  put  into  the  form 

hloga  =  MvA  cos  iV-|-  5»o, 

hi  =MyL  sin  N-\-hlo, 

ehn         =  MveWsiu  N-]-  eSng, 

he  =  MvE  cos  N-\-ho^ 

8y  =  Mi'Icoa  iV-j~  ^0) 
tan  y  Hr  =:  MvT  sin  N  -\-  tan  yhro. 

Here,  5»o)  ^?o)  ^tc.,  are  arbitrary  constants  so  taken  that  5  log  a,  hi,  etc.,  shall 

Tanish  at  the  fundamental  epoch. 

All  the  terms  depending  on  tlie  same  values  of  i'  and  i  are  to  he  combined  into 
a  single  one.  And  it  will  save  labor  to  make  this  combination  at  as  early  a 
stage  as  possible  in  the  computation;  that  is,  to  multiply  the  various  values  of  /;, 

-£^,  -£^,  _,  and  _S^by  the  sines  and  cosines  of  yV-f  j^i  ^""^  afterward  proceed 
dn      de      da 

with  the  sums  of  the  products  according  to  the  proper  modification  of  the  formula?. 
Thus  are  obtained  the  following  long  period  perturbations  of  the  elements  of 
Uranus : 

^Z  =  —  3474.32  sin  (2r—  j?)  +  180.10  cos  (2?—    g) 
+    146.72  sin  (4Z'~  2^)—    54.10  cos  (4^—27) 

—  8.97  sin  (6?—  Zg)  +  5.03  cos  (6^—  S*/) 
+  0.64  sin  (8f—43)—  0.53  cos  (8^— 4(/) 
-1- constant  =  3320".18. 

ehn=~    484.96  sin  (2f—  g) -{-  0.73  cos  {2?'—  g) 

+      38.06  sin  (4^'—  2g)  —  7.06  cos  (4f  —  2g) 

—  3.61  sin  (6^—3^)  +  1.38  cos  {^T—  Zg) 
+  0.33  sin  (8r—4f/)—  0.15  cos  (8^—4^/) 
-\-  constant  =  465".23. 

=  —    484.21  cos  (2f—   g)^  0.29  sin  (2?—    g) 

-\-      38.21  cos  (4^-—  2(/)  +  7.16  sin  (4f— 2f/) 

~        3.61  cos  (6r—3(/)—  1.40  sin  (6r— 3^) 

+        0.33cos(8r— 4^)  +  0.15  sin  (Sr— 4^) 

—  constant  :=  158".59. 

ht)  =  -\.       2211  cos  {21'—    g)-\-  120  sin  (2?—    g) 

—  198  cos  (4f—  2g)  —  78  sin  (4Z'—  2g) 
+  18  cos  (6^'—  3^)  +  7  sin  (6^—  3j) 
-|-  constant  =  630. 

The  variations  of  the  elements  which  fix  the  position  of  the  plane  of  the  orbit 
are  here  omitted,  because  their  nature  is  such  that  it  is  indifferent  in  which  form 
they  are  developed. 

These  expressions  are  reduced  to  perturbations  of  the  co-ordinates  by  the  foUow- 
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ing  formulie.     Express  the  usual  developments  of  the  longitude  and  logarithm  of 
radius  vector  iu  the  form 

■D  :=  I  -\~  X  Vi  sin  iy ; 


Put  also 


'         Se 


de 


11',  =  —  — R,. 
e 

Express  any  set  of  corresponding  terms  of  the  preceding  perturbations  in  the  form 


ell  —  e^n  -- 
le: 


We  shall  then  have 


=  Lg  sin  N-\-  Lc  cos  N; 

=  B,cosN+E,smN; 
=  A^  cos  -A^-j-  A,  sin  JV^. 


2Sii  =  2  ( V\  F.  +  r,  E,)  sin  (JV  +  »j)  +  J  ( F',  F.  —  F',  E,)  sin  (JV—  ig) 
+  2  C  r,  -F,  —  r,  EJ  cos  (A'+  ij)  +  S  (  F",  F,  +  F,  E.)  cos  (A'— 1» 

+  2a 

2Sp  =  2  (»,  E,  —  «, F,)  cos  (y+  ij)  +  2  (K',  E,  +  Jf', ii".)  cm{N—i,j) 
+  2  (fl",  £,  +  R,  F,)  sin  (iT-j-  iij)  +  2  (J?,  E,  —  K,  F,)  im(N—  ij) 
+  2jii 

The  numerical  values  of  F,  Y,  I{,  and  itT  are  as  follows : 


T\  =  1.99836 
F,==  0.UT13 
F,=  0.007U 
F,  =  0.00044 
ii;=  + 0.02348 
ii',=  — 0.99753 
J?,  =  —  0.07020 
if,=  — 0.0046G 


r\  =  1.99945 

r\=  0.11722 

F',=  0  00714 

y,  =  0.00044 

jr,=  + 0.99917 
J!';  =  +  0.07030 
B\  =  +  0.00467 


The  final  results  of  the  entire  computations  are  given  in  the  following  table : 
In  the  columns  Iv^,  we  have  the  complete  perturbations  of  the  longitude  computed 

by  the  direct  method  from  the  values  of , ,  Q,  etc.,  already  given.      Next 

(9v      (9p 

we  have,  under  the  caption  Iv^,  the  perturbations  of  the  true  longitude  deduced 
from  the  long  period  perturbations  of  the  elements,  as  set  forth  in  the  last  para- 
graph, omitting  the  constants  added  to  the  perturbations.     Under  5«3  we  have  the 

8        April,  1873. 
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perturbations  of  the  longitude  deduced  from  all  the  remaining  terms  of  the  per- 
turbations of  the  elements.  The  sum  of  the  columns  ^Wj  and  &v^  shows  the  entire 
perturbations  computed  by  the  method  of  variation  of  elements.  Thus,  in  liv, 
and  5«a  -|-  5^3  we  have  two  complete  sets  of  perturbations  computed  by  methods 
entirely  independent.  The  differences  of  the  results,  expressed  in  thousandths  of 
a  second,  are  given  in  the  last  two  columns  of  the  table. 

This  comparison  gives  rise  to  remarks  similar  to  those  suggested  by  the  per- 
turbations of  Saturn  computed  by  the  same  methods.  The  only  terms  in  which 
the  difference  of  results  amounts  to  as  much  as  one-tenth  of  a  second  are  those  of 
very  long  period,  and  those  very  nearly  the  period  of  Uranus,  where  a  more  accu- 
rate value  is  not  at  present  of  great  importance,  because  the  error  will  be  com- 
l  by  the  corrections  of  the  element  during  several  centuries. 


Perturbations  of  the  Longitude  of  Ukanus  pkoduced  by  Neptune. 


sin 

0r>5  nl 

— 

004  Hi 

+ 

O.fiOt 

+ 

0.046 

+ 

0.003 

+ 

0,147 

+ 

2.509 

+ 

39,658 

+ 

4.357 

+ 

0.280 

+ 

O.OIT 

+ 
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Pekturbatjons  op  the 

L  0  MG  IT  u  DE —  Continued 
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The  perturbations  of  the  logarithms  of  the  radius  vector  are  given  in  a  form  similar 
to  those  of  the  longitude.  Under  5pi  we  have  the  complete  perturbation.  Under 
Sp2  the  effect  of  the  perturbations  of  long  period.  But  under  Sps  wo  have  only 
the  difference  between  5pi  and  ^p^,  it  being  deemed  unnecessary  to  present  in  full 
the  perturbations  of  the  radius  vector  as  computed  by  the  other  method.  Spi  being 
employed  in  computing  Sv^  may,  in  fact,  be  regarded  as  completely  checked  by  its 
affording  a  correct  value  of  the  latter. 

In  the  last  two  columns  Sog  is  reduced  to  common  logarithms  by  multiplying  the 
coefficients  by  the  modulus  0.434294, 


Hosted  by 


Google 


THE   DEBIT    OF   UEASUS 


PKarUKBATIO«S 

OP   THE   LOOAEITHM   0. 

THE   KADirS    VECTOR 

OF  Uban 

.™_      1 

BY   t 

EPTVNE. 

I'  g 

8p, 

!/., 

ih 

Mic 

cos 

Sin 

C03 

Sin 

cos 

sin 

cos 

sin 

0,     0 

+138 

+  60 

0 

—3 

1,-3 

+     * 

0 

+     2 

0 

—3 

~1 

+  68 

+523 

0 
+  1 

+  30 

+227 

0 
0 

0 

—  68 

—  6 

—  30 

—  3 

+1 

~     8 

_  1 

—     3 

0 

2,-4 

+     94 

—     1 

+92 

—      1 

+     3 

0 

+     1 

0 

—?, 

+1416 

—  12 

+  1374 

—  12 

+  42 

0 

+    18 

0 

—2 

+20025 

—179 

+19490 

—180 

+535 

+  1 

+232 

0 

—1 

+1663 

+116 

+  1726 

+120 

—  63 

—  4 

—  27 

-3 

0 

+3912 

+  194 

+  3927 

+194 

—  15 

0 

^     7 

0 

3,-5 

—     3 

0 

—     1 

0 

—  38 

0 

—  17 

0 

-52t 

—  G 

—  3 

—2 

— 3S4 

—54 

—124 

—23 

—1 

+  IB 

+  2 

+     7 

+  1 

4,-6 

—     1 

0 

_5 

—  19 

—       8 

—  11 

—  1 

—     5 

0 

—4 

—354 

—  22 

—  118 

11  20 

—136 

—  2 

—  59 

—  1 

—3 

—1159 

—300 

—1681 

—282 

—  78 

—18 

—  34 

—  8 

—2 

— U3 

—  61 

—  154 

—  70 

+  11 

+  9 

+     5 

+  4 

„1 

—167 

—  62 

—  165 

—  64 

—     2 

+  2 

—     1 

+  1 

5,-6 

—     4 

0 

—     3 

0 

—5 

—  40 

+  1 

—  17 

0 

—4 

+103 

+20 

.... 

+  45 

4-  9 

—3 

+  39 

+  15 

+  17 

+  6 

6,- T 

—     2 

0 

—     2 

0 

—     1 

0 

—6 

—  17 

+  1 

—  17 

+  I 

—    7 

0 

—5 

+  42 

+  10 

+'io 

+  ■■4 

+  33 

+  6 

+  14 

+  3 

—4 

+  180 

+C5 

+164 

+  61 

+  16 

+  4 

+     1 

+  3 

—3 

+  13 

+  8 

+  14 

+     5 

—     1 

+  3 

0 

+  I 

1,— T 

—  8 

0 

—     3 

0 

-.6 

+11 

+  3 

+     5 

+  1 

-17 

—  7 

—    7 

—  3 

—4 

—  5 

—  3 

—     3 

—  1 

8,-8 

—  4 

0 

—     2 

0 

_1 

+  5 

+  1 

+     2 

0 

_6 

—  7 

—  3 

—     3 

—  1 

—5 

—19 

_11 

—     8 

—  5 

9,-9 

—  2 

0 

—     1 

0 

—8 

+  3 

0 

+     1 

0 

— T 

—  2 

—  1 

0 

—6 

+  2 

/    +  2 

+     1 

+  1 

Hosted  by 


Google 


THE   ORBIT   OF    URANUS. 


Pertuhbations  of  the  Latitude  produced  by  Neptune. 
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The  terms  5>t  and  hr;,  which  arc  inclosed  in  brackets,  are  of  very  long  period, 
and  are  therefore  omitted  in  forming  the  values  of  5/3  in  the  last  two  columns 
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Ihrtiu-hations  produced  by  Jupiter. 

The  series  in  which  these  perturbations  are  expressed  converge  so  rapidly  that 
I  deem  it  unnecessary  to  present  the  details  of  the  computation.  They  have  been 
computed  by  both  methods,  and  the  separate  and  independent  results  are  given  in 
the  following  table,  where  ^v^  represents  the  perturbations  computed  by  the  method 
developed  in  Chapter  I,  and  ^v^  those  computed  by  the  method  of  variation  of 
elements. 

The  apparently  large  discrepancy  between  the  coefficients  multiplied  by  the  time 
arises  from  the  circumstances  that  in  the  form  of  development  the  mean  motion, 
and  hence  the  mean  anomaly,  appears  aifccted  by  the  perturbation  Sl".2t.  Accord- 
ingly when  we  enter  the  table  which  gives  the  true  longitude  in  terms  of  the  mean 
anomaly  in  the  form 

w  —  ?  -(-  2e  sin  (?  —  i)  +  etc., 

we  may  consider  this  quantity  Sl".2t  as  a  secular  variation  of  I  —  n  producing  in  v 
the  term 

tV^62".4e(cos(/  — 7t). 

In  dv^  this  term  is  left  in  its  primitive  form,  while  in  S«2  the  value  of  I  is  supposed 
to  include  this  term,  and  the  secular  terms  are  only  those  which  arise  from  the 
secular  variation  of  the  eccentricity  and  periheHon. 

It  is  also  to  be  remarked  that  the  terms  which  are  independent  of  the  mean 
longitude  of  Jupiter,  or  those  in  which  i'=;0,  are  not  comparable,  as  they  corre- 
spond to  slightly  different  elliptic  elements  in  the  two  theories. 
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Pekturbations  op  Uranus  by 

Jupiter. 
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CHAPTEU    IV. 
TERMS  OF  THE  SECOND  ORDER  PRODUCED  UY  THE  ACTION  OF  SATURN. 
Pi-elimimiry  Investigation  of  ilte  OrhU  of  Satuvn, 

For  the  accurate  determination  of  the  perturbations  of  a  planet  it  is  essential 
that  the  functions  of  the  time  which  are  substituted  for  the  co-ordinates  of  each 
planet  in  the  expression  of  the  disturbing  forces  should  approximately  represent 
the  true  places  of  the  planet.  The  difference  between  the  true  place  and  that 
implicitly  assumed  in  the  investigation  should  be  so  small  and  of  such  a  character 
that,  when  multiplied  by  the  mass  of  the  disturbing  planet,  and  by  the  factors 
introduced  by  the  process  of  integration,  the  result  shall  be  insensible.  If  one  of 
these  factors  is  so  large  as  to  make  a  perturbation  of  an  order  of  magnitude  approxi- 
mating that  of  the  inequality  which  gives  rise  to  it,  it  will  represent  an  inequality 
of  very  long  period  in  the  elements,  which,  though  apparently  sensible,  may  be 
neglected  for  a  great  length  of  time. 

The  perturbations  hitherto  found  have  been  computed  on  the  hypothesis  that 
the  disturbing 'action  of  Saturn  on  Uranus  is  the  same  as  if  both  planets  moved  in 
the  elliptic  orbits  corresponding  to  the  adopted  elements.  We  have  given  formulse 
for  the  computation  of  the  corrected  perturbations  when,  to  the  co-ordinates  of  the 
two  planets  corresponding  to  the  adopted  ellipse,  we  add  corrections  represented 
by  hv,  htf,  So,  etc.  These  corrections  are  now  to  be  taken  of  such  magnitude  that 
when  thus  added  they  shall  very  nearly  represent  the  actual  motions  of  the  planets. 

Generally,  it  is  considered  sufficient  to  take  for  these  corrections  the  perturba- 
tions of  the  first  order.  But  this  presupposes  that  the  elliptic  elements  are  nearly 
correct,  which  docs  not  hold  true  in  the  case  of  the  old  elements  of  the  outer 
planets.  Bouvard's  Tables  of  Saturn,  the  elements  of  which  have  been  adopted, 
are  subject  to  recurring  errors  amounting  to  30"  or  more.  Moreover,  when  we 
substitute  the  new  and  more  accurate  perturbations  for  the  old  and  imperfect  ones 
adopted  in  the  tables,  the  chances  are  that  the  errors  will  be  increased.  Desiring 
that  the  theory  shall  be  as  far  as  possible  free  from  doubt,  we  begin  with  a  pre- 
liminary investigation  of  the  orbit  of  Saturn,  the  design  of  which  will  be  to  give 
the  co-ordinates  of  that  body  in  terms  of  the  time  with  sufficient  certainty  and 
accuracy  to  serve  for  computing  the  perturbations  both  of  Jupiter  and  Uranus. 
As  usual,  the  first  step  in  this  investigation  will  be  the  determinations  of  the  per- 
turbations of  the  planet. 
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General  Periurhadons  of  Saturn. 
The  perturbations  produced  by  Jupiter  will  be  taken  from  the  exhaustive  prize 
memoir  of  Hansen/     As  the  perturbations  required  are  those  of  the  co-ordinates, 
it  will  be  necessary  to  transform  those  of  Hansen  into  the  usual  form.     Hansen 
gives  the  true  anomaly  v  in  the  form 

V  ^  g  -\- nh -\- e^  sin  {g  -\-  nh)  -\-  e.^  sin  2(g  -\-  nh)  +  etc., 
Gi,  Cj,  etc.,  being  the  coefficients  of  the  multiples  of  the  mean  anomaly  in  the  usual 
development  of  the  elliptic  true  anomaly.     Whence,  neglecting  the  second  power 
of  nlz, 

Iv  =  n'^z  (1  -j-  e,  cos g  -j-  2e.^ cos  2g  -j-  etc.). 

To  make  the  development  sufficiently  rigorous  it  is  only  necessary  to  increase  g  by 
I  nh  in  this  expression.     In  the  same  way,  we  have  for  the  perturbations  of  log  r, 

^p  =  ^p^  -j-  nlz  (e"'  sin  g  -\-  e'"'  8m2g  -\-  etc.) 
Spo*  being  Hansen's  perturbation,  and  e'''  the  negative  coefficient  of  cos  ig  in  the 
development  of  the  elliptic  log  r. 

Hansen  liaving  adopted  xtjI-j.-^  as  the  mass  of  Jupiter,  it  will  be  necessary  to 
multiply  his  perturbations  by  1.0216  to  reduce  them  to  Bessel's  mass.  Thus  the 
perturbations  by  Jupiter  hereafter  given  have  been  obtained. 

The  perturbations  by  Uranus  and  Neptune  have  been  computed  by  the  preceding 
general  method,  and  are  given  in  the  following  table.  In  the  table  I'  is  the  mean 
longitude  of  the  disturbing  planet,  Uranus  or  Neptune,  counted  from  the  perihelion 
of  Saturn,  ^p  is  the  perturbation  of  the  Napcrian  logarithm,  in  units  of  the 
seventh  place  of  decimals. 


General  perturbations  os  the  Lonoitudk  in  orbit  and  the  Loqarithm  of  tuk  radius 
VECTOR  OP  Saturn. 

Action  of  Uraons. 

Action  of  Neptune.                                 1 

6v 

8p 

io 

.        1 

I'       9 

1,      0 

—1 

3,       0 

—3 
3,     0 
—1 
—2 
—3 
4,-1 
—3 
—3 

+  0.88 
+  8.60 

—  0.42 

—  8.49 
—13.39 

+  0.00 

—  2.9 
—10.61 

—  2.05 
+  0.06 

—  0.63 
4-  0.30 

—  0.26 

+  0.92 
+  0.21 

—  O.IT 

—  2..'i3 

—  0.25 
4-  1.62 
+38.1 
— 20.8S 

—  1.41 
4-  0.05 
--  0.80 
--  0.73 
--  0.03 

cos 

~  12,7 
+146.6 
+  10.3 

—  66.8 

— 392.r> 

+     0.5 
+  10.8 
-247. 

—  67.5 

— .   0.1 

—  10,5 
+  10.5 

—  10,6 

+  T.9 

—  3.5 

—  3.1 
+21.4 
+  6.6 

+39.1 
+33.0 
+487. 
+43.8 

+  0.6 
—13.5 

—23.4 

—  0.8 

I'     9 

1,-0 
—1 

2,     0 
—1 

—2 

3,-1 
—2 

—3 

sin 

+0.23 
+1.93 
+0.44 
—1.11 
—1.27 
+0.03 
+0.10 
—0.10 

—0.05 

0.00 

+0.02 

+0.02 

0.00 

—0.03 

—0.04 

0.00 

COS 

--  2.2 
+39,9 

—  3.0 
—18.5 
—41.1 

+  0.2 
+  3,2 

—  3.9 

—0.2 
0.0 

+0.1 
—0,4 

0.0 
+0.4 
+1.3 

0.0 

'  TTntersuchHiigeii  iiber  die  gegenseijigen  Storungen  des  Jupiters  und  Saturns.    Von  P.  A.  Han- 
1.     Berlin,  1831. 

9        April,  1873. 
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I  have  submitted  these  perturbations  to  such  duplicate  computations  and  other 
checks  as  lead  me  to  believe  that  none  of  the  terms  can  be  in  error  by  more  than 
a  small  fraction  of  a  second,  but,  as  they  are  not  intended  to  form  the  basis  of  a 
definitive  theory  of  Saturn,  I  do  not  vouch  for  their  absolute  precision. 

In  this  provisional  correction  of  the  orbit  of  Saturn  only  heliocentric  longitudes 
have  been  employed.  These  were  derived  for  a  series  of  dates  from  Airy's  reduc- 
tion of  the  Greenwich  observations,  the  modern  Greenwich  observations,  and  the 
Washington  observations. 

For  these  dates  the  value  of  ?i!s  for  Saturn  was  computed  from  the  formula; 
found  on  pages  189  and  190  of  the  work  of  Hansen,  already  quoted,  omitting  all 
terms  less  than  1",  and  including  only  tenths  of  seconds  in  the  results.  The  dates, 
the  resulting  values  of  nlz,  of  the  factor  e,  cos  (g  -\-  2  ^^^)  ~\~  2^2  <^*'^  ^(.9  ~\~  h  ^*^2)) 
and  of  the  concluded  Iv  are  as  follows.     The  formulie  for  Iv  is 

Iv ^  1.0216  n'z]l+  e,  cos (</  +  i  w^s)  +  2e, cos 2  (j/  +  |  nlz)\. 
viz  Factor,  iv 


Date 
Gi.  Mem  Noon. 

1751 
1757 
1758 
1761 

May 
Aug. 
Aug. 
Oct. 

31 

7 
27 
6 

1763 

Nov. 

1 

1765 

Nov. 

23 

1773 

Pcb. 

2G 

1780 
1794 

May 

Nov. 

24 
16 

1802 

Feb. 

23 

1823 

Nov. 

13 

1831 

Feb. 

18 

1838 
1845 

May 
Aug. 

19 
17 

1862 

Nov. 

15 

1860 

Feb. 

14 

1867 

May 

15 

-1947.7 

—.0990 

—1792.7 

-2134.2 

—.0652 

—2038.2 

-22125 

—.0474 

-2153.2 

2546.2 

-f.0244 

—2664.5 

-2880.3 

•f.0729 

—3157.1 

-3095.1 

-I-.1082 

—3604.0 

-3342.0 

-I-.0419 

—3557.2 

■2858.2 

—.0956 

-2640.7 

3321.1 

+.1017 

—3737.9 

-3184.7 

-I-.0529 

—3425.5 

-2716.3 

-f.0944 

—3036.8 

-3378.S 

-I-.0639 

—3671.7 

-2978.7 

—.0866 

-2777.9 

-2342.7 

—.0721 

—2220.9 

-2847.0 

-I-.0863 

—3159.3 

-3161.4 

-(-.0740 

-3468.3 

-23731 

—.0812 

—2227.6 

The  perturbations  by  Uranus  and  Neptune  were  computed  from  the  values  of 
their  terms  just  given.  The  principal  terms,  the  sum  of  which  make  up  the  helio- 
centric longitude  resulting  from  the  adopted  elements,  are  shown  in  the  first  of  the 
following  tables. 

In  the  next  table  we  have  after  the  date  the  heliocentric  longitude  from  Bouvard's 
Tables,  as  deduced  from  the  longitudes  given  in  Airy's  reductions  of  the  Green- 
wich Observations,  from  the  AsironomiscJtes  Jahrhuch  for  1831,  and  from  the 
Nautical  Almanac,  Then  follow  the  corrections,  roughly  deduced  from  observa- 
tions made  near  the  opposition.     Adding  these  columns,  we  have  the  longitude 
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from  observation.     To  the  riglit  of  these  are  the  equations  of  condition  for  the 
correction  of  the  elements. 


Peitvirljatioiis  by 

I^g.  of 
Perihsliou. 

Mean 

Equation  of 

Red.  to 
Ecliptic. 

Nuta- 

Trae 
longitude. 

tnX 

Japlter. 

Uranus. 

o      r       f, 

o     r        ,< 

o      /       „ 

t        n 

„ 

„ 

/       // 

„ 

o        /       >t 

8S41  27.5 

159  55  50.1 

+  2     3  56.6 

_39  52.7 

—46.7 

-2,7 

+1  36.9 

+15.8 

250  12  25.8 

88  46  41.3 

236  13    1.1 

—5     7  38.1 

—33  58,2 

—36.6 

+1,0 

— 1  20.5 

—11.8 

319  16    4.1 

88  47  31.4 

248  25  53.1 

—5  48  30.4 

—35  53.2 

—35.3 

+1.7 

-1  35.8 

—15.0 

330  46  36.6 

88  50    7.6 

286  26  29.8 

—6  16     1,3 

—44  24.B 

-  3.3 

+2.9 

— 0  43.5 

—14.1 

8  15  13.5 

88  51  51  6 

311  44  13.6 

—5    0  58.2 

—52  37.1 

+11.9 

+2.4 

+0  43.3 

—  4.9 

34  43  22.6 

88  53  35.1 

336  55  56.1 

~2  41  10.6 

—58  24.0 

+  19.2 

+1.9 

+1  36.6 

+  6.7 

62  12    1.0 

88  59  39.6 

65  40    2.3 

+6    0  35.9 

—69  17.2  —32.9 

—0,8 

— 1  37.1 

+  4.8 

159  38  54.6 

89    5  43.4 

154    8    4.8 

+2  37  57.7 

—44    0,7 

-53.8 

—1,7 

+  1  37.5 

—14.5 

245    8  13,2 

89  17  50,7 

331     6  10.4 

—3  18    5.3 

—62  17,9 

+  9.6 

+3.5 

+1  30.9 

—14.1 

56    6    7,9 

89  23  55,7 

69  56  17,9 

+5  44  46.6 

—67     5,6 

—18.6 

+2.5 

— 1  37.3 

+  1.4 

164    6    2.7 

89  43    7.0 

335  22  26,0 

—3  51  58.0 

—60  36.3 

-27.9 

—3.0 

+1  21.6 

+14,7 

60  23    3.6 

89  43  11.9 

54  10  33.1 

+5  35    2.6 

—61  11.7    +13.3 

+2.5 

~1  33.2 

-7.4 

148  21  U.l 

89  54  16.1 

143  44  37.0 

+3  40  38.1 

—46  17.9  '—  3.4 

+2,1 

+1  29.7 

4.3 

235  34  37.4 

90    0  20.4 

231  18  40.9 

—4  47  36.6 

—37    0.9 

-35.5 

+0.9 

— 1  11.8 

+14.8 

315  52  62.3 

90    6  24.6 

319  52  44.8 

—4  2163,0 

—52  39.3 

+  4,7 

—0.9 

+1    8.8 

-18.4 

44  46  31.3 

90  12  28.7 

48  26  48.7 

+5    1  46.4 

—57  48.3 

+30,3 

—3,4 

— 1  25.1 

+14.1 

142  42  31.4 

90  18  32.8 

137    0  52,6 

+4    9  31.2 

—37     7.6 

-" 

+1.3 

+1  21.6 

-4.1 

330  52  69.7 

Ditts. 

TalinUr 
longitude. 

Obs.          Loiii^.  from 

c!Or.        j    observation. 

Equations  os 

Condition. 

1751    May    31 

350  13  38.0 

—  8.5 

250  13  29.5 

63.7  =  +0.90(i.— 44J 

n  +0.G0!e  +1.82eJ« 

1757    Aug.  2t 

319  17     8.5 

—18.0 

319  IC  50,5 

46.4          0.94     —39 

—1.53 

+1,14 

1758    Aug.  27 

330  47  37.9 

—  14.3 

330  47  23.6 

47.0          0.96     —40 

—1.76 

+0.80 

1T61    Oct.      6 

8  15  13,8 

+   0.2 

8  15  14.0 

0.5           1.03     —39 

—1.99 

—0.50 

1763    No7.     1 

34  43  42.3 

+  15,3 

34  43  57.6 

36.0           1.07     —39 

—1.63 

—1.31 

1765    No7.  33 

62  13  20.7 

+20.4 

63  12  41.1 

40.1           1,11     —38 

—0.88 

—1.88 

1773    Feb.    26 

159  40    3.8 

+18.8 

159  40  23.6 

88.0           1,04     —28 

+1.93 

—0.79 

1780    May    24 

245    9  17.6 

+  7.8 

245    9  25.4 

72.3           0,90     —18 

+0.76 

+  1.74 

1T94    Nov.   16 

56    5  38.8 

+14,7 

56    5  53,5 

45.6           1.10     —  6 

—1,08 

—1.78 

1803    Feb.    23 

154    7    2.7 

+10.8 

1.54    7  13,5 

70.8           1,05     +  2 

+1,85 

—0.98 

1323    Nov.  13 

50  23  34.5 

+21.3 

50  23  55.8 

63.3           1,09     +26 

-1,27 

—1.66 

1831    Feb.    18 

148  22  38.5 

+  3.0 

148  22  41.5 

90,4           1,07     +33 

+1.75 

—1.16 

1833    May    19 

235  36  11.3 

+  3.4 

235  36  14.6 

97,2           0.91     +36 

+1.08 

+1.56 

1845    Aug.  17 

315  53  42.2 

+15,7 

315  53  57.9 

65,7           0.93     +43 

—1.43 

+1.38 

1853    No7.   15 

44  46  15.4 

+  5.9 

44  46  21.3 

50.0           1.09     +57 

—1.42 

—1.53 

1860    Feb.    14 

142  44  16.3 

—1.3.7 

142  44     2.5 

91.1           1.08     +65 

+1,63 

—1.35 

1867    May    15 

230  54  47,8 

+  5.1 

230  54  53.9 

113.3      +0,92     +62 

+1.2; 

+1.45 

A  normal  equation  for  ^e  is  obtained  by  taking  the  sum  of  all  the  equations. 
That  for  In  is  formed  by  subtracting  the  sum  of  the  first  seven  from  the  sum  of 
the  last  seven,  and  those  for  le  and  ela  by  taking  the  sum  of  the  equations  in 
which  the  coefficients  of  c*e  or  e,*cj  are  greater  than  unity,  after  changing  the  signs 
of  the  equations  in  which  they  are  negative.     The  normals  thus  obtained  are 
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n.I95i  +  3Um  —  2.16S(i  —  3.15e5u  =.  +1069.3 
0.04      +687      +  6.83      —  0.69  +  239.3 

—  2.14     +207      +21.58      +  2.19  +  208.1 

—  2.11      —  60      +  3.61      +19.66  +     63.8 
These  equations  give 

le  =  +  64.8  (Epoch,  1800.) 
h>  =  +    0.268 
Se  =  +  12.6 

eSo  =  +    8.2 

— Substituting  these  values  in  the  seventeen  equations  of  condition  we  have  the 
following  residuals,  or  excesses  of  theoretical  over  observed  longitudes: 


1 

2 

+  7.2 
—   4.3 

3 

—  10.2 

4 
6 

+  21.7 
—    9.0 

6 

—   7.1 

7 

—  11.3 

8 
9 

+  8.2 
—    6.4 

10 

+  10.7 

11 

—    6.4 

12 

—    1.1 

13 

—   0.4 

14 

0.0 

15 

+    3.7 

16 

+   4.1 

17 

—    7.7 

These  residuals  are  much  larger  than  they  should  be,  and  I  scarcely  know  to 
what  cause  to  attribute  their  magnitude.  The  results  are  however  amply  reliable 
for  the  purposes  of  the  investigation,  and  lead  to  the  following  elements  of  Saturn: 

n,  90     6     26 

e,  14  50       3.2 

e,  112  20       0 

^,  2  29     39.2 

«,  43996.395 

e,  .0560660 

log(a  +  5rt),    0.979676 
Epoch,  1850,  Jan.  0,  Greenwich  mean  noon. 

It  wiU  be  seen  that  the  adopted  position  of  the  plane  of  Saturn's  orbit  is  retained. 
It  was  corrected  from  observations  before  the  perturbations  were  finally  computed. 

Of  the  above  corrections,  those  of  the  epoch  and  mean  motion  need  not  be  taken 
account  of  in  the  corrections  of  the  co-ordinates,  since  the  mean  longitude  remains 
in  the  formulfe  as  an  arbitrary  quantity  to  the  end.  The  effect  of  the  correction 
of  the  mean  distance  is  insensible.  The  corrections  of  eccentricity  aud  perihelion 
are  therefore  alone  to  be  retained.  They  are  allowed  for  by  adding  to  Sv  and  Sg 
the  terms 
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?iv  =       2,!e  sin  g  —  e^w  cos  g 

=x -J- 25".2  sing —W. 4:  cos g; 
hp=^  —  Se  cos  (7  —  eSo  sin  g 

=  —  13".6  cos  g  —  8".2  cos  g. 

Fbrturhations  of  Saturn  and  Uramis. 

The  following  expressions  include,  with  these  corrections,  all  the  perturbations  of 
Satnrn  and  Uranus  which  can  produce  any  appreciable  perturbations  of  the  second 
order  in  their  mutual  action.  In  these  expressions  the  initial  letter  of  each  planet 
is  put  for  its  mean  longitude  counted  from  the  perihelion  of  Uranus, 


Pertuebatioxs  of  Saturn. 

Argument. 

5v' 

Bh' 

sii. 

cos 

cos 

.in 

,s 

+  25.2 

+  21.4 

—     2.7 

+     9.0 

H 

+     1.64< 

—     1.48< 

—     O.SOi 

—     0.74i 

S  —  J 

—  2G.1 

+     6.2 

+176.7 

—  15.9 

2S  —   J 

— 42i.r> 

—     8.8 

— U5.8 

^     9.1 

SS  —   J 

—  54.7 

—  12.4 

+  12.3 

—  16.6 

2S  —2/ 

+  32.6 

—     1.0 

+  29.5 

—     1.1 

3S  _2J" 

+  27.7 

—  21.3 

—  15.4 

—  12.3 

4S  _2/ 

+316.9 

-769.2 

+   11.4 

+403.0 

5S  —2/ 

+2392. 

—1692. 

—  58.8 

—  34.4 

as  —  2/ 

+133.0 

—  93.6 

—  58.1 

+  56.9 

U-    S 

+     8.6 

+     0.2 

+     3.0 

—     0.1 

2(7—    S 

+     0.8 

—     8.8 

+     0.1 

+     1.4 

2U~^2S 

_  13.4 

+     0.2 

—     8.0 

+     0.1 

3U—    S 

—     8.4 

—  27.0 

+     0.1 

—     0.7 

%U  —  %S 

+  18.3 

—  14.6 

+     8.8 

+     7,0 

■      Perturbations  of  Uranus.                                                        | 

Argument. 

iv 

ap 

sin 

cos 

cos 

sin 

u 

—  O.Ui 

—     0.28( 

+  0.05i 

—  fl.U( 

U—  8 

—20.8 

+     8.5 

+36.0 

—  4.9 

2U—  S 

—11.9 

+143.5 

—  2.0 

—63.8 

3U—   S 

+49.3 

+115.9 

—  4.7 

+13.2 

2U  —  2S 

+  4.1 

0.0 

+  4.2 

+  0.1 

ZU~%S 

+  2.1 

—     1.6 

+  1.8 

+  1.4 

W  —  %S 

+  0.6 

—     1.8 

+  0.4 

+  1.3 

bU  —  2S 

+  1.2 

+     3.0 

+  0.4 

—  1.2 

Let  us  now  resume  the  equation 
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Beginning  with  the  last  two  terms  of  this  expression,  it  may  be  shown  at  the 
outset  that  they  are  quite  insensible.  The  cft'ect  of  the  constant  terms  in  ^p  and 
ho'  has  already  been  included  by  correcting  the  logarithm  of  the  mean  distance  by 
their  amount ;  they  are  therefore  omitted.  The  largest  remaining  term  is  64",  the 
square  of  which  is  only  0" .02.     In  the  product  Ti^hp^  the  largest  terms  are 

+  0.014 

—  0.013  sinr/ 

—  0.011  sin  (3^  —  20 

—  0.011  cos  (4^  —  20 

which  may  be  entirely  neglected. 

AVe  shall  therefore  only  consider  in  5§  the  terms 

2  (D\mdt  +  h-^- 
•^      '  '       ^j> 

As  already  remarked,  I£  is  rigorously  a  function  only  of  y,  p,  and  p',  F  being 

the  angle  made  by  the  radii  vectorcs  of  the  two  planets.     But,  in  the  analytical 

development  of  R,  the  quantity  V  is  considered  as  a  function  of  a',  v',  and  y,  so 

that  we  have 

i?=/(p,p',v,  v',7). 

In  the  previous  computation  of  the  perturbations  of  Uranus,  we  have  supposed  R 
to  be  a  function  of  p^,  pV  etc.  The  corrections  to  E  and  its  derivatives  with  respect 
to  V  and  p  are  now  given  by  the  equations  (11),  with  the  modifications  shown  on 
pages  24  to  27.  The  derivatives  of  Bo  which  enter  into  these  equations  are  formed 
as  follows:  If,  in  the  value  of  R  produced  hy  the  action  of  Saturn  on  Uranus,  we 
consider  any  term  of  the  form 


where 

N=i7^  -|-  i'X  -f-yo  +y'u' 

the  accented  quantities  always  referring  to  Saturn,  but  a,  being  the  corrected  mean 
distance  of  Uranus,  then  we  shall  have  the  following  terms  in  the  derivatives  of  R. 

6R  m'h  ,...■..     xr 

eU  m'h 


6R  m'  f     ,    dh 

dU  m'    67i 

dp'  Oi     do 

e^E  mil.   .    ..,        ,^ 


cos  JV" 
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d'R 

dvSV ' 
d'R 


8^B  _ 

a'B  _ 
S'B  _^ 

f-R  _ 


dv       ^\^^>' 
m'  ah  ^.   .    ...     ,^ 


'7,    r    „      '5* 


dR 


dt, 
r-B 
dp  6pdp' 
m'  /  dh    ,    d^h 


-4-  ^^-^\  COS  N 
^  dt?) 


All  the  numerical  data  necessary  for  the  computation  of  these  derivatives  have 
been  given  in  Chapter  II.  Combining  the  terms  having  the  same  argument,  we 
find  the  following  values,  omitting  those  given  in  Chapter  II,  and  those  which 


The  terms  of  -  — s-  are  also  omit- 


are  derived  from  the  others  by  mere  addition. 

ted,  because  they  are  sensibly  the  same  with  those  of  ■^--,,  changing  the   alge- 
braic sign. 


0, 

dR 

a 

d'R 

a 

.5'-^                1 

m! 

d^' 

m'  d^dy' 

m'  di>dv'                 1 

g    v 

sin 

cos 

sin 

cos 

sin 

COS 

0,-1 
—2 

+0.2874 
+0,0066 

0 
^0.0310 

0 
+0,0310 

+0.2872 
+0.0067 

+0.2691 
+0.0060 

0 
—0.0322 

1,     0 
—1 

—3 

— O.0T02 
—3.4811 
—0.0968 
+0.0388 

-0.0491 
—0.0010 
+0,4304 
+0.0173 

+0,0490 
—0.0021 
—0.4304 
—0.0179 

—0.0101 
—3.4810 
—0.1039 
+0.0389 

+0.0249 
—5.2684 
—0.0792 
+0.0398 

+0.1194 

0 
+0.4583 
+0.01C3 

3,     0 
—1 
^% 
—3 

—0.0045 
—0.0544 
+0.4104 
—0.0053 

—0.0035 
—0,0712 
+0,0120 
—0.0191 

+0.0021 
+0.1426 
—0.0171 
+0.0390 

—0.0080 
—0.0689 
+0.8233 
—0.0226 

+0.0155 
—0.1760 
—1.3515 

+0.0288 

+0.0066 
+0.2403 
+0.0014 
+0.0547 

3,-1 
—2 

—3 

—0.0070 
+0.0570 
+0.2542 

—0.0093 
—0.0650 
0 

+0.0171 
+0.1957 
—0.0065 

—0.0210 
+0.1013 
+0.7024 

+0.0197 
—0.1791 
—1.0884 

+0,0.304 
+0.2840 
-0.0071 

4,-2 
—3 

.-0.0014 
+0.0515 
+0,1448 

—0.0130 
—0.0499 
—0.0015    .■■ 

+0.0368 
+0.1987 
—0.0016 

—0.0193 
+0.1450 
+0.5789 

+0.0313 
—0.2144 

—0.7644 

+0.0547 
+0.2647 
—0.0005 
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«, 

dli 

«, 

d'B 

«, 

d--s 

w.' 

6p' 

VI'    d^df' 

dfdf' 

9'      I 

sia 

cos 

sin 

cos 

sia 

cos 

0,     0 

—0.026 

+0.172 
—0.562 

+0.556 

+0.003 
0 

+0.113 

—0.645 

— o.eio 

I,     0 

+0.070 
—0-003 
+0.889 

+0.015 
+8.749 
+0.180 

+0.015 
—8.750 
—0.176 

+0.070 
—0.001 
+0.889 

—0.227 
+0.-011 
+0.912 

—0.079 
+6.189 
+0.190 

2—1 
—2 

+0.084 
+0.018 

+  0.248 
+0.472 

—0.230 
— 0.9il 

+0.169 
+0.013 

-0.322 
—0.006 

+0.020 
—1.685 

3—1 

—2 
—3 

+0.012 

+0.073 

0 

+0.004 
+0.068 
+0.278 

+0.013 
—0.122 
—0.834 

+0.021 
+0.219 
—0,007 

—0.049 
—0,344 
+0,010 

+0.028 
—0.244 
—1.260 

4,-2 
—4 

+0.015 
+0.001 

—0.001 
+0.1&5 

+0.020 
-0.619 

+  0.042 
0 

-0.071 
+0.001 

+0.019 
—0.854 

The  derivations  with  respect  to  y  and  the  node  have  heen  omitted  because  they 
are  quite  insensible.  The  terms  of  SR  depending  on  these  derivatives  are  given 
by  equation  (31).  In  the  case  of  Uranus  disturbed  by  Saturn  the  largest  values 
of  the  coefficients 


^ihcot^y;  l/ttanl;/,! 


dk 


are  only  about  .05,  while  the  largest  coefficients  in  h/c,  ^//,  and  ly  are  less  than  10". 
Hence  the  largest  terms  in  (31)  will  be  of  the  order  of  magnitude  0",5  multiplied 
by  the  mass  of  Saturn,  and  may  therefore  be  omitted  entirely.     Omitting  them 


the  values  of  hH,  5- 


dE 


,p        dR   ,      .     6R    . ,       SR 


.  dR  _  d^R  , 
'  ^v   ~  6\^  ' 


ovav 


,  an      s'B  ,    ,  a'R  , ,  ,  d'B  ,    ,  s'r  , 


c^p        dyd^ 


dpd^'  ■ 


All  the  separate  factors  from  which  the  second  members  of  these  equations 
are  formed  have  already  been  given.  Forming  their  products  in  the  way  described 
in  Chapter  II,  we  have  the  result  given  in  the  following  tables. 

The  expressions  for  ^R  are  arranged  so  that  the  value  of  D\hR  can  be  obtained 
from  them  by  direct  ditFerentiation.  This  is  done  by  distinguishing  the  time 
introduced  into  B  by  the  conardinates  of  Uranus  from  that  introduced  by  the 
coordinates  of  Saturn. 
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2a,  (^Jf 

U    H 

cos 

si. 

V     S    J 

1.     0 

—  I.40f 

—  1.33< 

+1,     3—2 

+375 

+7336 

2,     0 

+  0.0I!< 

—  0.28i 

+2, 
+3, 

—990 
—  73 

—558 
—261 

0,-1 

—  0.24( 

+  0.20i 

+i. 

+  23 

—  42 

1,-1 

+  0,03i 

+  0.04( 

2,-1 

—  1.05( 

—  0.99i 

0,          -2 

—647 

—3!  9 

3,-1 

+  0.02( 

—  0.3M 

1, 

2, 

+7737 
+  153 

+5616 
—103 

0,-2 

+  0.93( 

—  fl,83( 

3, 

+   24 

—  26 

1,-2 

— 12,(ia( 

+11. 6o; 

4, 

0 

0 

2,-3 

—  0.2« 

+  0-30( 

3,-2 

~  0.63( 

—  0.59( 

—2,     5—3 

+  90 
—625 

+  60 
+  730 

1,-3 

—  1.60( 

—  l.Ut 

0, 

+  46 

—  76 

2,-3 

+  0.25( 

—  0.29( 

1, 

+  61 

+719 

3,-3 

+  o.ost 

+  o.oai 

2, 

—  20 

+     6 

4,-3 

—  0.36i 

—  0.34* 

—4,     6—2 

+27.5 

—     3.9 

3,-4 

+  a.X'jt 

—  fl,n< 

—3, 

+94.1 

+  24.4 

4,— i 

+  0.15( 

0.0 

—2, 
— 1, 

+  66 
—8823 

+  243 
—6114 

U   V  s 

0, 

+699 

+  522 

1,     0     0 

+  38" 

+     4" 

1,     0—1 

+     2 

+     6 

—4,     1—2 

+  70 

—     2 

1,     0—2 

—112 

—153 

—3, 

+299 

+  147 

1,     0—3 

+  1* 

—  18 

— 2, 

+937 

+706 

1,+1-1 

+  56 

—     2 

— 1, 

—1978 

+1117 

1,-1  +  1 
1,4-2—1 

—     i 

+     3 

0 

+  43 

1,-2+1 

—     1 

+  19 

2a,  f,3fl 

.  dB.   } 

I, +3— 3 

—117 

+     2 

-mndv'''^f)V'n 

1,-2+2 

—  23 

—  28 

0 
+  88 

l,+3 — 1 

1,-3+1 

+  30 

+100 

U    S'    s 

cos 

sin 

Fact,  nt 

l,+3— 2 

+140 

+112 

,. 

„ 

,r 

1,-3+2 

+  14 

—  10 

2,-1-1 

—120 

—     3 

—0.852 

U    S    J 
0,     1—1 

3, 

+  59 

+801 

+0.148 

+246 

—     1 

4, 

—139 

+353 

+  1.448 

1, 

-2469 

—  50 

3,-1—2 

—192 

+  26 

+0.148 

2, 

—  22 

+     i 

—  60 

—  29 

+1.148 

3, 

+     3 

+     6 

si 

+  24 

—  60 

+2.  US 

—2,     2—1 

+  42 

—  16 

^0,-1+1 

+1- 
2, 

—250 

0 

—2.852 

—I, 

+1C38 

—  88 

—     4 

—170 

—1.852 

0, 

—136 

+  12 

+  197 

—450 

—0.852 

1, 

2, 

—  89 
+     2 

—  89 
+     4 

3, 

—  15 

+  38 

+0.148 

— ]  ,—1  +2 

—     8 

+  19 

—3.852 

—3,     3—1 

+     6 

—     8 

0, 

—  11 

+134 

—2.852 

—2, 

+  6fi 

+  24 

1, 

—  80 

+  33 

—1.852 

—1, 

+418 

—280 

0, 

1,-1     0 

—  90 

+  12 

—1.852 

2, 

+     6 

+158 

—0.852 

—3,     4—1 
—2, 

+     9 
—221 

+  28 
—     5 

3, 

+  12 

—  32 

+0.148 

—1. 

+297 

—286 

10      May,  1873. 
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2\iiy.E 

2-^L 

f 

'^' 

dp 

u  s 

sin 

cos 

sin 

cos 

cos 

sin 

0,  0 

1,  0 

2,  0 

+  'l40( 
—  0.12( 

—  i.sm 

—  a.56i 

0 
+  1.40i 
—  0.27( 

0 
—  1.35i 
--  0.43< 

+  0.14( 

+  3.54i 
—  0.34i 

+  8.21f 
+  0.90i 

0,-1 
1, 
2, 
3, 

0 

—  0.03( 
+  2.10i 

—  dMt 

0 

+  0.04( 

—  1.90i 

—  o.m 

—  O.Git 

—  QMl 
+  S.lOi 

—  0.19i 

—  O.0C( 
+  O.OSi 

—  1.89( 

—  0.73i 

+  1.06( 
+  0.07( 
+  3.54( 
—  0.19i 

—  1.02* 

—  0.12( 
+  3.22( 
+    I,18i 

0,-2 
I, 
2, 
3, 

0 
4-13.69( 
+  0.48i 
+  1.89* 

0 

+11.60i 

+  o.eoi 

—  l.lTi 

-.  0.91i 
+  12.69t 
+  0.21( 
+  1.89i 

~  0.83( 
+11.G2( 
+  0.37( 
—  1.75( 

+  0.84( 
— 13.52i 
—  0.42( 
+  2.78( 

—  0.94( 
+  12.34( 
--  0.14i 
--  2.52i 

1—3 
4, 

+  i.eoi 

—  0.50( 

—  0.24( 
+  1.44< 

—  1.14( 

—  0.58( 
+  O.OOi 

—  1.36< 

+  1.61( 
~  0.63( 
—  0.19( 
+   1.43( 

—  I.IK 

—  0,56i 
+  0.07( 

—  1.32( 

--  l.Ut 
—  0.83i 
~  0.25( 
+   1.93< 

—  1.2U 
+  0.75i 

—  O.IOi 
+  1.7e( 

3,-4 

i, 

—  O.bll 
0 

—  0.55i 

—  0.52( 

—  0.53i 
+  O.lOi 

—  0.74( 

—  0.73i 

+  0.fi8< 
—  O.lOi 

ft,     0 
1,     0 

2. 
3, 

—'45 

+T68 

+     3 

+319 
+383 
+     5 

+  "9 
+  1'J9 

+     5 
--IfiO 
-449 

—192 
—  49 
+278 

—709 
—591 

0, 
1, 

3', 
4, 

+148 
+  27 
-139 
—  21 
„     4 
+  28 

—  Gl 
—381 

—  10 

—  36 
+  38 
+  88 

+  to 

—  Ifi 

—  i 
+     3 
+     1 

—  8 

—  71 
—247 

—  32 

—  12 

—  1 
+     4 

+  18 

—  49 
+  103 
+     i 

—  10 

—  19 

+125 
+347 
+  47 
—215 
+  38 
—     9 

1,-2 

2, 

3, 

4. 

5,-2 

+  8T 
—  88 
+108 
+  20 

— ]d3 
—     T 
+121 
+517 

—  14 
+  U5 

—  60 
+141 

—  18 

—119 
—  13 

+796 
+352 
+  14 

—  10 

+  84 
+  83 
—262 

—  45 

+251 
+     t 
+816 
+617 
+     2 

3,-3 

4, 

5. 

+  18 
+  69 
—  52 

+     4 
—33 
—128 

+208 
+  82 
—  40 

+  16 
_  67 
—130 

+  It 

—  35 

—  93 

+  34 
+  44 
+181 

4,-4 

5, 

6, 

+  55 
+     8 
—  42 

—     1 

~i04 
—103 

+110 

+  12 
—  61 

+     8 
+  52 
+U8 
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2  3 

ai)',s 

2  °' 

BR 

2  A 

en 

m' 

dy 

m 

dp 

U    S    J 

sin 

COS 

.i. 

cos 

cos 

Sil 

0,  1—1 

0 

0 

—185 

+  3 

—  84 

+  13 

1, 

+241)9 

—   50 

+2477 

—  50 

—2947 

—  69 

2, 

+  44 

+  8 

—  7 

+  13 

—176 

—  17 

3, 

—  9 

.  +  18 

—  6 

+  16 

—  17 

—  20 

—2,  2-1 

+  84 

+  33 

+  42 

+  29 

+  9 

+  49 

—1, 

+1638 

+  88 

+1642 

+  88 

+1331 

—143 

0, 

0 

0 

—114 

—  2 

+  41 

-r  11 

+1, 

+  89 

—  89 

+  83 

—  8tt 

—196 

—  62 

+2, 

—  4 

+  8 

—  1 

+  8 

—  11 

—  18 

—3,  3—1 

+  18 

+  34 

+  35 

+  28 

—  42 

+  41 

—2, 

+132 

—  48 

+143 

—  54 

—191 

—104 

—I, 

+478 

+280 

+477 

+  379 

+  1539 

—279 

0, 

0 

0 

—  57 

—  8 

—  60 

+  44 

—3,  4—1 

+  2T 

—  84 

+  71 

—  91 

—  89 

—134 

—2, 

—442 

+  10 

—449 

+  7 

+776 

—  8 

—1, 

+397 

+386 

+310 

+370 

+362 

—258 

I,  3—2 

-375 

+733fi 

—393 

+  7343 

+  629 

+7732 

2, 

+1980 

—1116 

+1987 

—1271 

+  3304 

+2544 

3, 

+219 

—783 

+  51 

—672 

+151 

+1041 

i. 

—  92 

—168 

—104 

-102 

—136 

+158 

0,  4—3 

0 

0 

+669 

—485 

—601 

—966 

1, 

— 7T37 

+56  lis 

—7733 

+5606 

+13136 

+8698 

3, 

—306 

—306 

—235 

—358 

+373 

+910 

3, 

—  72 

—  78 

+  59 

—  52 

—  60 

+109 

—2,  5—2 

+180 

—120 

+159 

+  e 

—337 

—  37 

—1, 

—625 

-739 

—620 

-740 

—1222 

—1217 

0, 

0 

0 

+  62 

—  56 

+167 

—  60 

+1- 

—  61 

+719 

—  63 

+  725 

+  72 

+1109 

+2, 

+  40 

+  13 

—  13 

—  6 

—  17 

+  67 

—4,  B— 2 

+U0.0 

+  15.6 

+  86.1 

+  32,9 

—137.5 

+  39-4 

—3, 

+383.3 

—  73.2 

+248.8 

—  14.6 

—413.6 

—  75.7 

—2, 

+132 

—486 

+237 

—557 

—1131 

—1461 

—1, 

—8833 

+6114 

—8829 

+6121 

—12973 

—9020 

", 

0 

0 

+746 

—493 

+774 

+406 

—4,  T— 2 

+280 

■+  8 

+207 

+  45 

-216 

+  48 

+897 

—441 

+727 

—633 

—1128 

—977 

3, 

+1874 

—1412 

+1913 

—1374 

-3236- 

—2195 

—1, 

—1978 

-1117 

—1995 

—1097 

—2071 

+904 

0, 

0 

0 

+139 

+  90 

+  144 

—  71 
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In  the  terms  of  ^R  introduced  by  the  perturbations  of  Saturn,  namely, 
-V  ,-  Sw"  -J-  -^"7  ^p'>  ^^^  differentiation  represented  by  D\  should  be  performed  by  con- 
sidering S»/  and  5p'  as  constant,  although  they  are  expressed  as  a  function  of  the 
mean  longitude  of  Uranus,  as  well  as  of  Saturn.  The  mean  longitude  of  Uranus 
thus  introduced  is  therefore  represented  by  U',  which  is  regarded  as  constant  in' 
taking  iy,R,  and  Z7only  supposed  to  vary. 

Again, in  the  terms--- 5»-|~---. ^p, since  Iv  and  ^p  represent  perturbations  of 

Uranus,  their  complete  derivatives,  with  respect  to  the  time,  are  to  be  taken.  But 
their  expressions  contain  the  mean  longitude  of  Saturn  as  well  as  Uranus.  The 
mean  longitude  of  Saturn  thus  introduced  is  represented  by  <y,  and  is  to  be  con- 
sidered variable  in  obtaining  i)',5.ff,  while  S  is  considered  constant.  The  ratio  of 
the  coefficient  of  i  to  n  in  the  various  terms  of  this  part  of  8E  is  given  to  the 
right  of  each  corresponding  term. 

The  value  of  jy^B  being  once  obtained,  there  is  no  longer  any  distinction 
necessary  between  C,  U',  or  between  jS'and  S'.  The  similar  terms  are  therefore 
combined  by  putting  S'  ^  S;  U'  =^  U. 

Prom  the  above  values  of  2^i)',  R  and  2h-         we  form  tlie  following  value  of 


and  of  the  other  quantities  whicli  enter  the  perturbations  of  the  coHDrdinates,  We 
shall  begin  with  those  terms  which  depend  only  on  the  mutual  action  of  Saturn 
and  Uranus,  because  they  are  few  and  small,  and  the  only  terms  which  are  sensible 
are  those  in  which  the  coefficient  of  the  mean  longitude  of  Saturn  is  — 1.  We 
shall  therefore  confine  ourselves  to  these.  And,  instead  of  employing  the  con- 
densed formulae,  we  shall  make  the  computation  in  full  by  (13). 


!;,*(? 

=  3  "'   CiD\Rai-^h^ 

-',iSQ 

m'^'^^ 

9      I' 

—1—1 

0 

1 

2 
3 
4 

+  4T 

—  U  +  0.53( 

—  24+0.02* 

—  f>0+4,23i 
— 535+0.3K 

+  78 

+  307-0.51; 
+   62— 0.08< 
—  28+3.84i 
+240— 5.49( 

—  10 

+    13+0,02i 

—  41+2.37* 
—370—0.13* 
+     7+2.09* 
—262+0.15* 

+148 

-f.  49  +  0.05* 

+138+1.62* 

+157—3.05* 

—  31  +  3.30* 

+120—2.74* 

+     1 

_^  36— 0.06* 

+  29—1.85* 

+250-0.13* 

—  30+2.11* 

—263+0.15* 

cos 

+153 

—     8+0.01* 

-164+2,11* 
+   85—2,70* 
+  14—1.92* 
—120+2.74* 

cos  4Jp                                1 

iv 

9      I' 

0,-1 

1, 

2, 

3, 

4. 

+.001— ,00001( 
+.024+.00033( 
+.333+.00437( 
— .142-.000fl2t 

—.on 

sin 

—.023+. 00002* 
— .036+.00033( 
_.40fi +.00432* 
+.079- .00169* 
+.019 

sin 

+0.002+0.0000* 
+0.043+0.0006* 
+0.630+0,0098* 
+  3.69  -0.0011* 
+0.133               0* 

+0.021+0.0000* 
-i-0.058+0.0000* 
+0.803—0.0097* 
+0.830—0.0153* 
4-0.040+0.0000* 
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The  computation  of  these  terms  being  extremely  complex,  a  check  upon  their 
accuracy  is  desirable.  In  the  case  of  the  secular  variations  of  the  coefficients,  the 
coefficients  of  the  time  arc  easily  obtained  by  substituting  in  the  integrated  per- 
turbations the  variations  of  the  eccentricity  and  perihelion  of  Saturn.  Thus  I 
have  found 

^v  =  +O.01O3  (  sin  (2</  —  /')  —  0.0094  t  cos  (2^  —  I') 
+0.0027  t  sin  (Sj  —  I)  —  0.0138  t  cos  (3</  —  0 
The  greatest  discrepancy  is  found  in  the  coefficient  of  sin  (3^  -—  T),  and  it  amounts 
to  0",003S/,  or  about  O'A  in  a  century.     But,  owing  to  the  great  period  of  this 
term,  nearly  600  years,  this  difference,  during  any  one  century,  will  be  nearly 
eliminated  through  the  mean  longitude  and  mean  motion. 

It  may  also  be  remarked  that  in  this  case  the  terms  derived  from  the  pertur- 
bations of  the  elements  arc  undoubtedly  the  correct  ones,  and  will  therefore  be 
employed. 

The  terms  which  the  preceding  integration  fails  to  give,  owing  to  the  constant 
terms  introduced  into  £5§  and  t^SQ,  are  found  by  (22). 
We  thus  have 

nXpJc^V  ^  +  0".36 
nS  ?„/;';"  = +  0.27 
ri^^p  =  ^Mnfi  J0".36  sin^  —  0".2'icosg\ 
^v  =  1  Milt"  \ 0".36  cos !/  +  0".27  sin  g \ 

=  t'  |0".0000038cos(/  +0".00000298in^j. 

The  greatest  effect  of  these  terms  amounts  to  less  than  one-twentieth  of  a 
second  in  a  century.  They  may  therefore  be  neglected  in  the  present  theory. 
The  other  terms  containing  the  square  of  the  time  are  yet  smaller. 

Applying  the  terms  of  the  second  order  thus  found  to  the  terms  of  the  first  order 
depending  on  the  corresponding  arguments,  the  perturbations  of  Uranus  by  Saturn 
become 


eu 

cos 

48p 

9      V 

sin 

cos 

CO. 

sin 

—1,-1 

+  0.038 

+     0.039 

+     0 

—     2 

0,-1 

+  1.284 

--     0,139 

^  11 

—  31 

1,-1 

—20.114  +0.06? 

--     8,580 

+1153 

—244 

2,-1 

—11.210  +  1.00  2' 

--144-2fi5  — 0.94  2" 

—  81 

—3114 

3,-1 

+51.99    +0.212" 

--llC.r.9    —1,382' 

—231 

+044 

4,-1 

+  2.2(;5 

--     5.e56 

—  5,5 

+140 

5,-1 

+  0.126 

+     0.329 

_     4 

+  10 

T  here  represents  the  time  counted  in  centuries  from  1850.0. 
The  other  terms  remain  the  same  as  given  on  page  50. 

Pevturhatlons  depending  on  the  'product  of  (lie  masses  of  Jupiter  and  S'lttim. 
The  values  of  ^D\R,  S  — ,  and  5      -,  depending  on  the  products  of  the  masses 
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of  Jupiter  and  Saturn,  are  given  on  page  74.  The  computation  from  these  data 
being  conducted  in  the  same  way  as  in  the  case  of  the  terms  of  the  first  order,  it  is 
not  necessary  to  give  much  more  than  the  results.  These  are  shown  in  tlie  fol- 
lowing table.  The  indices  to  the  left  represent  the  coefficients  of  the  mean  longi- 
tudes of  Uranus,  Saturn,  and  Jupiter,  all  counted  from  the  perihelion  of  Uranus. 
Column  V  gives  the  ratio  of  the  mean  motion  of  Uranus  to  the  coefficient  of  the 
time  in  each  argument.  The  perturbations  of  the  common  logarithm  of  the  radius 
vector  are  expressed  in  units  of  the  seventh  place  of  decimals. 


. 

Sv 

0.4343  8p 

U    S    J 

,i„ 

cos 

cos 

sin 

0,     1,-1 

1, 

i, 

—0.2364 
—0.3095 
—0.4480 
—0.8127 

+0.002 
—0.020 
+0.004 
+  0.016 

0 

0 
—0,003 
—0.024 

0 
0 
0 
0 

0 
0 
0 
0 

—2,     2,-1 
—I, 

0, 

1, 

2, 

—0.2960 
—0.4304 
—0.7254 
—2.6420 
+1.6090 

—0.007 
—0.108 
—0.014 
+0.164 
+0.005 

—0.001 
—0.007 
—0.013 
—0.267 
—0,006 

0 

-I 

+  1 

0 

0 
0 
0 

+  1 

0 

—3,     3,-1 
—3, 
—1, 
0- 

—0.6551 
—1.8997 
+3.1115 
+0.6786 

+6.013 

+0.176 
+0,073 
+0.007 

—0.003 
—0.015 
+0.513 
+0.024 

0 

+  1 

0 

0 
0 

+  ^ 

0 

—3,     4,-1 

+  0.754 
+0.430 
+0.301 

—0.030 
+0.04-3 
+0.001 

+  0.081 

+0-005 
—0.603 

0 

—  1 

0 

f  1 

0 

0 

1,     3,-2 

3, 

3, 

i, 

—0.2170 
—0.3771 
—0.3833 
-0.0215 

—0.003 
—0.051 
— O.dlO 
+0.033 

—0.032 
+0.035 
+0.050 
+0,053 

0 

—  1 

0 
0 

—  1 

0,     4,-2 
1, 

3, 
3, 

—0.3627 
-0.5693 
—1.3210 
+4.1150 

— fl.OlO 
+0,075 
—0.349 
-0.510 

—0,004 
—0.154 
-1.297 
—0.453 

0 

—  5 

—  3 
+  2 

0 

—  3 

—  2 

—2,     5,-2 
—1, 

0. 

1, 

2, 

—0.5250 
—1.1051 
+10.5153 
+0,9132 
+0.4773 

—0.353 
—4.433 
—0.546 
+0.306 
+0,013 

—0.034 
—0.617 
—0.032 
—3,254 
—0,192 

—  3 

+  2 

—  3 
0 

0 

■J-  7 

0 

-36 

—  3 

—i,     6—2 

—2, 

—1, 

0, 

—0.9497 
—18.9250 
+1.0558 
+  0.5136 
+0.3393 

+1.824 
+40.650 
+6.2:iT 
+  0.467 
+0.007 

—0-519 
-10.500 
—7-866 
—6-539 
—0.017 

+19 

+32 

—63 

0 

0 

+  0 
+10 
—79 
—  2 
0 

—4,     7—2 

—3, 

-2, 

—1. 

-0, 

+0.5558 
- -0.3573 

-  -0.2632 

-  -0.^084 
- -0.1724 

—0,050 
—0,046 
—0.045 
+0.006 
0 

—0.003 
+0.033 
+0,033 
+0,007 
0 

+  I 

+  1 

+  1 

0 

0 

0 

+  1 

+  1 

0 

0 
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CHAPTER    V. 

COLLECTION  AND  TRANSFORMATION  OP  THE  PRECEDING  PERTURBATIONS 

OP  URANUS. 

The  terras  of  the  perturbations  which  neither  contain  the  elements  of  the 
disturbing  planets,  nor  depend  on  the  secular  variations  of  the  eccentricity  and 
perihelion,  admit  of  being  greatly  simplified  by  a  slight  change  in  the  arbitrary 
elements.     These  terms  are  as  follows : 

(1)  In  the  longitude  of  Uranus 


Action  of  Jupiter, 

4-3l.2116(      +3.^.65nLnsr      +1.391  sin  2? 

—1.859  cos  g 

— 0.08T  cos  %g 

Action  of  Saturn, 

+10.9690i      +  8.545Bin3      +0.461  sin  29- 

-4.135  cos*; 

— 0.169cos25r 

Aetioa  of  Neptune, 

—  0.4262i      +  0.697  sin  sr      +0.046sin2sr 

—0,088  cos  fif 

—0.005  cos  2J; 

Total, 

+41.754«      +34.899siii3      +1.9049in33 

—G.  682  cos  3 

— 0.261  cos  2sr 

(2)  In  the  value  of  cos  ^5p,  units  of  7th  place  of  decimals. 

Action  of  Jnpiter, 

—10089          _492coa3            — SScosSgr 

-2m? 

+ 1  sin  23 

Action  of  Saturn, 

—  3543          —184  cos  g           —15  cos  23 

—15  sin  g 

Action  of  Neptune, 

+     138          —     Icos?           —  lcos2sr 

+   Isin^ 

Total, 

—13404          —ailcosg           —49  cos  2;? 

— 16  sin  g 

+  lsin2sr 

Let  us  first  consider  the  first  or  constant  term  in  the  perturbation  of  each 
co-ordinate.  If  we  suppose  a  change  of  hn  in  the  mean  motion  of  a  planet,  the 
corresponding  change  in  ho  will  be 

.        nn 

If,  then,  we  increase  the  mean  motion  of  Uranus  by  41". 754,  the  corresponding 
change  in  ^p  will  be  — 18045,  and  in  cos  iJ/Sp,  — 18025.  Subtracting  these  from 
the  above  perturbations,  the  secular  term  iji  the  mean  motion  will  disappear,  and 
we  shall  have  for  the  constant  term  of  cos  4'^q 
+4531 
This  same  change  in  the  mean  motion  will  produce  a  secular  term  in  the  equa- 
tion of  the  centre  of  the  same  nature  with  that  produced  by  the  secular  variation 
of  the  perihelion.  The  differences  of  the  values  of  the  secular  terms,  found  by 
the  two  methods  employed  in  Chapters  II.  and  III.,  proceeds  from  the  fact  that  in 
the  one  case  the  effect  of  the  above  term  in  the  mean  motion  is  included,  and  in 
the  other  excluded. 


Hosted  by 


Google 


80  TIIEORBITOPURANUS 

If  we  subduct  the  effect  in  question  when  necessary,  the  remainder  will  be  the 
effect  of  the  secular  variation  of  the  longitude  of  the  perihelion  of  Uranus,  to 
which  we  shall  revert  presently. 

Let  us  next  introduce  such  a  change  in  the  eccentricity  of  Uranus  as  shall  pro- 
duce the  term  34".899  sin  (7,  and  ascertain  its  effect  on  the  other  terms.  For  this 
purpose  we  must  determine  le  by  the  condition 

(2  — |e^)^e=:i34".899 

which  gives 

^«  =  17".464  ^  .0000847. 

A  change  of  this  amount  in  ^e  will  introduce  the  following  terms  in  Sv  and  So 

Sv  =  34".899  sin  </  +  2".048  sin  2g 
cos  ij.^p  ^20  —  844  cos  g  —  59  cos  2g. 

Subtracting  these  terms  from  the  expressions  previously  found  we  have 
^»  —  —  0".144  sin  2ff  —  6".682  cos  g  —  O^SGl  cos  Qg. 
cosiJ/5p  =  -4-4511  -|-  167  008^-1-  l(*cos*2j  —  16  sin  ^-f-  1  sin  2^. 
Again,  let  us  put 

etn  =^  3".342  =.-  .00001G2, 
we  shall  have  the  elliptic  terms 

hv  =  —  6''.682  cos  ff  —  0".391  cos  2g 
cos  T^^p  ^^  —  162  sin  g  —  11  sin  2g. 

Subtracting  these  expressions  the  constant  terms,  independent  of  the  mean  longi- 
tude of  the  disturbing  planets,  are  reduced  to 

hv=~  0".  1 44  sin  2j  -\-  0".  1 30  cos  2g. 
cosnl^p  =  4511  +  167  cos^  +  10  cos  2g  +  146  sin^  +  12  sin  2g. 
0.43429  5p  =  1969  +  73  cos  j;  +  4  cos  2g  +  63  sin  ^  +  5  sin  2fj. 

In  the  last  equation  we  have  introduced  the  constant  -|-. 0000008  produced  in  hp 
by  the  combined  action  of  Venus,  the  Earth,  and  Mars,  The  effect  of  each  planet 
is  computed  by  the  approximate  formula 

Secular  Variations. 

The  following  inequalities  result  from  the  secular  variations  of  the  eccentricity 
and  longitude  of  perihelion  produced  by  each  of  the  disturbing  planets,  J*  being 
the  time  expressed  in  centuries. 

From  the  variation  of  the  eccentricity 


Action  of  Jupiter, 

ii,  =  _1.21li2'Bin  j7 

— 0.072  Te 

.in  2? 

— 0.005  r  sin  Sg' 

ActioD  of  Saturn,  , 

_9, 182  2' sing 

— 0.538  7's 

in  2? 

— 0.032Tsiii39 

Action  of  Neptune, 

— 0.502  r  sin  g 

— 0.030  Ts 

ia23 

-0.002Tsin3? 
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Action  of  Jupiter,  MSf  =  -{-UTcosg  .[-lycos  2^ 

ActioQ  of  Saturn,  4-98  T  cos  g  -{-IT  cos  2g 

Action  of  Neptane,  -|-  &T cm  g 

The  secular  variation  of  the  longitude  of  the  perihelion  is 

Action  of  Jnpiter,  -}-122. 1  T 

Action  of  Saturn,  +118.41" 

Action  of  Neptune,  -|-  51. 1,2* 

Total,  ert  =  +291.6r 

The  effect  of  this  secular  variation  on  the  longitude  and  radius  vector  is 

Action  of  Jupiter,  By  =— ll.ifiTcos  5  — 0. fit  12" cos  2g  — 0.047  T cos  3g 

Action  of  Saturn,  — 11. 11  2' cos  ^  — 0.651  T  cos  ^g  — 0.039  T  cos  3g 

Action  of  Neptune,  —  i.BOTcosg  — O.SBlTcos  2?  — 0.016rcos3^ 

Total,  —21.3TTcosg  ~lG0STcos2g  — 0.102rcos3g 


Action  of  Jupiter,         MSp  =  —120  T  sin  g  ~BT  sin  2g 

Action  of  Saturn,  —117  2' sin  <?  — Srein  2sf 

Action  of  Neptune,  —  50  T  sin  g  —3  2' sin  2g 

For  the  purpose  of  conveniently  tabulating  the  perturbations,  we  shall  express 
them  in  a  form  similar  to  that  adopted  in  the  theory  of  Neptune.  Let  us  select, 
from  the  terms  of  the  periodic  perturbations  produced  by  any  planet,  all  those  in 
which  the  difference  between  the  indices  *  and  *'  is  the  same.  For  example,  in 
the  perturbations  of  the  longitude  produced  by  Jupiter,  let  us  consider  the  terms 

3y=-}-1.269sin(     —    I)  +0.002cos(;     —    I) 

—  3.495  sin  (2^—  I)  —  0.092  cos  (2^/ —  I) 
+  1.182  sin  (  ^  —  20  +  0.515  cos  (  (/  —  21) 
+  0.074  sin  (3^  —  21)  —  0.005  cos  (3^  —  21) 

—  0.005  sin  (2^  — 30 

+  0.011  sin  (4j  —  30      -  —  0.001  cos  (4^  —  30 

These  terms  may  be  expressed  in  the  form 

f    '  "  1 

+  0.094  sin   (jr  —  ?)         —4.764  cos   (j  —  I) 
J»  =  sinj7X  1  -|-0.520  5m2(y  — 0         —  1.108 cos 2((/  —  0  [ 
I  +  0.016  cos  3(y  —  Z)  I 

f        '  1 

I   —2.226  sin    fa  — 0         —0.090  cos   (y  — ?) 

+  C0S3X  -j   +  1.266  sin  2(j  —  Z)         +  0.510  cos  2(1;  —  i)  f 

I   +  0.006  sin  3(j  —  0  J 

11      May.  1873. 
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In  geiieial,  a  series  of  terms  of  the  form 

Xa  i  sin  {iA  +  «^)  +  2  i  ^  cos  {iA  -\-  eg) 
-j-  2a'(  siu  {iA  —sg)-\-'S,  b\  cos  {iA  —  s^), 
may  be  put  in  the  form 

f  S  {"i  —  a\)  cos  iA  —  X(bi  —  J',)  sin  iA  \  sin  sg 
4-  j  2  («i  +  a'i)  sin  iA  -j-  S  (&;  +  h\)  sin  iA  \  cos  si;. 

All  the  periodic  terms  containing  only  g  and  I  in  the  arguments  may  be  put  into 
this  form  by  taking 

A^g-I, 

so  that  the  coefficients  of  sin  «j  and  cos  sg  may  all  be  expressed  as  a  function  of 
the  single  variable  argument  ^1. 

The  perturbations  of  the  elements  may  be  reduced  to  perturbations  of  the 
co-ordinates  expressed  as  the  sum  of  several  products  of  slowly  varying  functions 
into  the  sines  and  cosines  of  the  multiples  of  g.     We  have,  in  fact, 

Sv  =  II 

+  (  2  -|  e^)  S«  X  sinj/  +  (  2  -  ^  e^ )  ecV  X  cos  j? 

+  ("2  ^  "  T  ^  /  ^^  ^  *^"  ^^  "^  (2  ^  ~  12  ^')  ^^^  ^  ^°^  ^^' 

+  etc.  -j-  etc. 

It  appears,  therefore,  that  all  the  perturbations  in  which  the  arguments  contain 
the  mean  longitudes  of  only  two  planets  may  be  put  in  the  form 

h  —  (p.c.O)  -j-  (r.c.l)  cos^  +  {v.c.2)  cos  2g  -j-  etc, 

-j- (^.s.l)  sin^-j- (».s,2)  sin  2^  + etc. 

3Qp  —  ( p.f;.0)  +  (  p.c.  1)  cos  ^  +  (  p.c.2)  cos  2g  -\-  etc, 

+  (p.8.1)  singf  -j-  (p.s.2)  sin  2j  -\-  etc. 

We  have  next  to  reduce  to  the  same  form  those  terms  which  contain  the  mean 
longitudes  of  both  Jupiter  and  Saturn,  and  which  are  given  on  page  78.  We  have 
here  twenty-four  terms,  each  greater  than  0".04.  As  most  of  these  terms  depend 
on  three  independent  arguments,  they  cannot  be  included  in  a  double  entry  table, 
while,  if  we  include  them  as  perturbations  of  the  longitude  in  tables  of  single 
entry,  we  shall  have  to  enter  twenty-two  tables  with  as  many  different  arguments. 
But,  by  taking,  for  the  argument  A,  the  middle  one  in  each  series  of  arguments 
which  depend  on  the  same  multiples  of  Jupiter  and  Saturn,  and  expressing  the 
terms  above  and  below  it  in  each  series  as  coefficients  of  sin  g,  cos  g,  sin  2^,  and 
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COS  %,  we  may  reduce  the  number  of  arguments  to  eight,  and  the  number  of  tablea 
to  seventeen.     Consider,  for  instance,  the  terms  of  the  second  series, 

—  0.108 sin(— ^4-2,5— /)         —O.OOTcos  (— ^-f-2,S'— J) 

—  0.014sin(  2S—J)         — 0.012cos(  2S~J) 
-f  0.164  sin (      g-\-2S—J)         —  0.267  cos  (      ^  +  2S—  J). 

These  terms  may  be  allowed  for  by  adding  to  (t'.c.O),  (v.s.I),  {w.c.1),  the  terms 

(v.c.O)  =  —  0.014  sin  (2S—  J)  —  0.012  cos  (2S—  J) 
{v.s.l)  ^  +  0.260  sin  (2S—J)  +  0.272  cos  {2S~J) 
(«.c.l)  =  -p  0.056  sin  (2-S'—  J)  —  0.274  cos  (2S—J). 

From  the  perturbations  of  longitude  and  radius  vector  already  given,  we  readily 

find  the  following  values  of  (v.c.O),  [v.s.l),  etc. 

Actkn  of  Jupiter. 

(i).c.0)=+63.064  sin   A,  —0.004  cos   jl, 

—  0.271  sin  2A  +0.036  cos  2A 

—  0.025  sin  3  J[, 

(M.l)=4.  2.226 sin   j4,— 0.090 cos   A^    (i>.«.l)=— 0.094 sin   A— 4.164 cos   A 

—  1.266  sin  2^1 +0.610  cos  2A  — 0.620  sin  2A— 1-108  cos  2A 

—  0.006  sin  3A  +0.016  cos  31, 

— ir'.46!r  — 1".227' 

(r.c.2)=+  0.121  sin   4— 0.038  cos   A  (!'.«.2)=— 0.066  sin   A, —0.175  cos   J, 

+  0.012  sin  2A— 0.014  cos  21,  +0.008  sin  21, +0.042  cos  21, 

+  0.029  sin  31,  —0.034  cos  31,  +0034  sin  31,  +0.035  cos  31, 

— 0".672'  —ly'.OlT 

(«.c.3)=—  0.042"  (s.«.3)=— 0.0062" 


(p.c.0)=+1127cos   1, 
+       4  cos  21, 

(p.c.l)=—       2  sin    1, +57  cos    1,  (p.s.l)=+108sin    1,+  2  cos    1, 

.    +     lO  sin  21, —23  cos  21,  +  26  sin  21, +12  cos  21, 

+137  -1207" 

(p.c.2)=+      7  cos    1, +17"  (p.».2)=+     7  sin    1,-87" 
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Action  of  Saturn. 


(w.e.O)=^+^'*'"*)sin  A      +8.580  cos   A, 
■■  '     \—  0.06  27  '      ^ 

—  4.110  sin  2A,     —0.009  cos  2^, 

—  0.824  sin  3.4,      —0.019  cos  3J, 

—  0.228  sin  iA,      —0.008  cos  AA, 

—  0.074  sin  5^^      —0.003  cos  5J, 

—  0.025  sin  6^, 

(v.cM^(+  '■'^^\inA.^+(+^'''''U.A,    C..3.1)  =  /+l*^"^2    ,sinA+M2-554  ]eos. 
^  ■'     I—  1.03 r/  '^\—     0.94Z'y  '    ^         '     \-~     Q.UT/  '^\+  LOST/ 

—  2.121  ain  2A,      —0.193  cos  2J,  —2.421  sin  2A,      -|-2.03T  cos  2^, 

—  0.392  sin  3^.^      —0.308  cos  3J,  —0.226  sin  3^,      4-0-318  cos  3A^ 

—  0.109  sin  4-4,      —0.099  cos  4A,  —0.055  sin  4A,      +0.097  cos  4^, 

—  0.038  sin  5-4,      —0.027  cos  5^,  —0.027  sin  5^,      +0.038  cos  5^1, 

—11". 112"  —9". 182' 

(«..,2)  =  M2.026\.„^      f+116.73  J^^^  (.,«.2)=(+"«-«^Msin^,+  f     ^^'^^Mcos^ 

*■          '     \—0,21T/          '^\—     1.38W          '^         '     \—     1.38T/  '^^+  0.272V 

—  0.665  sin  2A^      —1.847  cos  2J,  —1.813  sin  2A,      +0.631  cos  2A, 

—  0.081  sin  3^,      —0.153  cos  3^^  —0.177  sin  SA^      +0.013  cos  3^, 

—  0.013  sin  4A,      —0.044  cos  4.4,  —0.044  sin  iA,      +0.013  cos  iA, 

—  0.005  sin  5^,      — 0.016  cos  5.4,  — 0.016  sin  5.4,      +0.005  cos  5 J, 


— 0" 

.65  2" 

— 0" 

.541' 

(V.C.3) 

=  —  2.265  sin    A, 

+5.656  cos    A, 

(V.S.3)  . 

=  +5.656  sin    A, 

+3.265  cos    A, 

—  1.163  sin  ^A, 

+2.956  cos  2J, 

+2.956  sin  2A, 

+  1.163  cos  2.4„ 

+  0.026  sin  3^, 

—0.063  cos  3 J, 

— 0.063  sin  3^, 

—0.026  cos  3.4, 

+  0.005  sin  iA, 

—0.013  cos  4^, 

—0.013  sin  4A, 

— 0.005  cos  4.4, 

+  0.002  sin  5A, 

—0.004  cos  5A^ 

—0.004  sin  5J, 

— 0.002  cos  5,4, 

— 0" 

.OiT 

— 0' 

'.03  2" 

(v.cA) 

=  —  0.126  sin    A, 

+0.329  cos    A, 

(v.sA)- 

=  +0.329  sin    A, 

+0.126  cos    A, 

—  0.503  sin  2A^ 

+0.378  cos  2A, 

+0.378  sin  2J, 

+0.503  cos  24, 

+  0.053  sin  3^5 

—0.032  cos  3^, 

—0.033  sin  3^, 

—0.053  cos  3^, 

(p.c.O)  =  +  106      sin    A,      +  761  cos    A, 

■—      2      sin  2.4,      +  89  cos  2J, 

+  19  cos  3.4, 

+  5  cos  4.4, 

(p.c.l)  =  +  1364    sin    A^     —  43  cos    A,      (p.s.l)  =  —     33  sin    A,     ~  1338  cos    A, 

—  46    sin  2.4,      +  45  cos  2^,                           +      31  sia  2J,      +       14  cos  2J, 

—  7     sin  34,      +  9  cos  3^,                          +        7  sin  34,      +        5  cos  3.4, 

—  3    sin  44,      +  2  cos  4J,                          +        2  sin  iA^      +         1  cos  4.4, 

+982"  —mT 

(p.e.2)  =  —    279    sin    A,      —  103  cos    .4,       (p.s.2)  =  —    103  sin    A^      +    281  cos    A, 

—  27    sin  24,      +  9  cos  2.4,                          +        9  sii 

—  3    sin  3.4, 

f7  2' 

(p.c.3)  =  —     61    sin    A^     —  24  cos    A^      (p.s.3)=— .      24  si 

+      24    sin  34,      +  9  eos  2^,                          +        9  eii 


+ 

27  cos  %A, 

+ 

3  eos  3^, 

+ 

61  cos    A., 

— 

24  cos  2A, 
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Action  of  Neptur, 


(!).<!.0)=— 39.66  sin  A,  —0.08  cos  A^ 
—35.36  sin  iA,  —0.03  cos  2A, 
+n.29  sin  3yl,  +0.23  cos  iA, 
+  3.91  sin  iA,  +0.06  cos  4cA, 
+  0.99  sin  5^,  —0.04  cos  6A, 
+  0.42  sin  6^,  —0.01  cos  6A, 
+  0.19  sin  7^ 
+  0.09  sin  8.4, 
+  0.02  sin  9-lj 

(».c.l)=_  6.71  sin     t!,— 0.53  cos   A,    (i..».l)=— 0.49  sin   4,+  1.75  cos  A, 

—  1.10  sin  2.4, +0.01  cos  2A  +0.12  sin  24,—  2.48  cos  2/1, 
+23.25  sin  34, +4.04  cos  3.4,  +4.04  sin  34, —20.92  cos  34, 
+  6.06 sin   44, +1.06 cos 44,  -\-\.msmlA,—-  6.42 cos  44, 

—  3.26  sin   64, —0.66  cos  64,  —0.68  sin  64,+  3.47  cos  64, 

—  0.80  sin   64, —0.17  cos  64,  —0.11  sin  6.4,  +  0.91  cos  64, 

—  0.24  sin   74, —0.06  cos  74,  —0.04  sin  74,+  0.30  cos  14, 

—  0.12  sin   8.4, —0.02  cos  84,  -0.02  sin  84,+  0.12  cos  84, 

—  0.06  sin   94, —0.01  cos  94,  —0.01  sin  94,  +  0.06  cos  94, 

—  0.04  sin  104,  +  0.04  cos  104, 

+1.99945e8j  +1.99836Se 

(».<!.2)=— 0.43  sin     4, —0.03  cos     A,    (ti.s.2)=— 0.03  sin     4, +0.13  cos  4, 

—0.03  sin   24, +0.01  cos   24,  +0.02  sin    24,— 0.16  cos  24, 

+0.16  sin   34, +0.08  cos   34,  +0.08  sin    34, —0.60  cos  34, 

—0.10  sin   44, —0.08  cos   44,  —0.08  sin   44, +0.15  cos  44, 

— 3.20sin   64,— l.llcos   54,  —l.lTsin   54,+3.22cos  54, 

—0.83  sin   64, —0.32  cos   64,  —0.32  sin   64, +0.86  cos  64, 

+0.57  sin   1.4, +0.22  cos    74,  +0.22  sin   14, —0.61  cos  14, 

+0.14  sin   84, +0.06  cos   84,  -f-O-O^sin   84,— 0.14  cos  84, 

+0.06  sin   9.4, +0.02  cos   94,  +0.02  sin   94,— 0.06  cos  94, 

+0.03  sin  104,  —0.01  cos  104,  —0.01  sin  104,  —0.03  cos  104, 

+0.117226V  +0.11713J« 

(«..c.3)=— 0.02  sin     4,                               (!i.».3)=  +0.02  cos  4, 

+0.04  sin   34,  +0.01  cos   34,  +0.01  sin   34,  —0.04  cos  34, 

—0.16  sin   44, —0.05  cos   44,  —0.05  sin   44, +0.15  cos  44, 

—0.08  sin   64, —0.02  cos   54.  —0.02  sin    54, +0.08  cos  64, 

—0.02  sin   6.4, —0.02  cos   64,  —0.02  sin   64, +0.02  cos  64, 

+0.46  sin   7.4, +0.25  cos   7A,  +0.26  sin    74, —0.46  cos  74, 

+0.11  sin   84, +0.07  cos   84,  +0.01  sin    84, —0.11  cos  84, 

—0.08  sin  94j— 0,05cQs  84,  —0,06  Bin  94, +0.08  COS  9/1, 

—0.03  sin  104,  —0.02  cos  10.4,  —0.02  sin  104,  +0.03  cos  104, 

+0.00114,!^  +0.007148e 
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Action  of  Neptmie. — Continued. 
A,  =  g~T 

(ii.o.4)=— 0.06  sin   9 A,  —0.05  cos   9 A,    (t',s.4)=— 0.05  sin   9 A,  +0.06  cos   9A, 
—0.09  sin  lOA,  —0.08  cos  101,  —0.08  sin  101,  +0.09  cos  101, 

+0.00044e.'j  +0.00044fc 

(p.c.O)= 


(p.c.l)= 


(p.c.3)= 


+227  cos    1, 

+232  cos  21, 

+  3  sin  31, 

—229  cos  31, 

—  59  cos  41, 

—  17  cos  51, 

—  7  cos  61, 

—  3  cos  71, 

+n.01018& 

:+  3  sin    1, 

(p.» 

■1)= 

= 

60  sin    1" 

—  3  cos    1, 

4-  2  sin  21, 

—     9  cos  21, 

— 

46  sin  21, 

—  2  cos  21, 

-1-23  sin  31, 

—141  cos  31, 

_1 

107  sin  31, 

—23  cos  31, 

+  8  sin  41, 

-  39  cos  41, 

— 

39  sin  41, 

—  8  cos  41, 

—  9  sin  51, 

+  43  cos  51, 

+ 

47  sin  51, 

+  9  cos  61, 

_  3  sin  61, 

+  13  cos  61, 

+ 

15  sin  61, 

+  3  cos  61, 

—  1  sin  71, 

+     5  cos  71, 

+ 

5  sin  71, 

+   1  COB  71, 

-0.43322:6 

+0.43394e,V 

—     1  cos    1, 

(p.. 

.2)= 

__ 

5  sin    1, 

—     6  cos  21, 

— 

8  sin  21, 

—  1  sin  31, 

+     6  cos  31, 

+ 

8  sin  31, 

+  1  cos  31, 

—  4  sin  41, 

+     6  cos  41, 

+ 

5  sin  41, 

+  4  cos  41, 

—  6  sin  51, 

+  17  cos  51, 

+ 

17  sin  51. 

+  6  cos  51, 

—  2  sin  61, 

+     7  cos  61, 

+ 

7  sin  61, 

+  2  cos  61, 

+  3  sin  71, 

—     7  cos  71, 
-0.03048;e 

7  sin  71, 
+0.' 

—  3  cos  71, 
03063eJsr 

:— 0.000202.'< 

(p., 

-.3)= 

=+0.00203rf<; 

Perturbations  of  the  Latitude. 

(The  secnlar  terms  being  omitted.) 

Action  of  Jupiter. 

(i.c.0)=     0.024  sin    1,  —0.013  cos    1, 

(6.«.1)=— 0.420  sin    1,  +0.494  cos    1, 

(J.c.l)=+0.494  sin    1,  +0.420  cos    1, 

(S^.2)=+0.004  sin  21,  —0.017  cos  21, 

(6.c.2)=— 0.017  sin  21,  —0,004  cos  21, 
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Action  of  Saturn. 
(4.c.(>)= 


-0.08  sin    A, 


(i.«.l)=+1.34  sin  A, 
—0.01  sin  2A, 
+0.03  sin  3  A, 
+0.02  sin  iA, 

(6.s.2)=— 0.09  sin    A, 


+2.88  cos    ji,  (4.(;.1)=— 1.66  sin    A, 

—0.10  cos  2il,  +0.02  sin  2J, 

—0.06  cos  3vl,  —0.04  sin  3il, 

—0.03  cos  iA,  —0.02  sin  44, 

+0.10  cos    A,  (6.c.2)=— 0.09  sin    ^, 


—0.03  cos  A, 
—0.03  cos  2^ 
—0.01  cos  34a 
+2.60  cos  A 
—0.10  cos  24, 
—0.06  cos  34, 
—0.02  cos  44, 
— 0.05  cos   4, 


-0.05  sin  24,    —0.09  cos  24, 
—0.01  cos  34, 


+0.07  sin  24,     +0.02  cos  24, 
+0.01  sin  34, 


A.ctimi  of  Neptune. 

(J.<!.0)=+0.01  sin  4, 
—0.01  sin  24, 
—0.01  sin  34, 
+0.01  sin  44, 
+0.01  sin  54, 
+0.01  sin  64, 

(i.».l)=+0.13sin   4,    +0.16  cos    4,  (i.c.l)=— 0.67  sin    4, 

+0.09  sin  24,    +0.26  cos  24,  —0.39  sin  24, 

+0.08  sin  34,     +0.28  008  34,  —0.33  sin  34, 

+0.01  sin  44,     +0.03  cos  44,  -0.07  sin  44, 

— 0.02  5in54,     — 0.12cos54,  +0.10sin54, 

—0.01  sin  64,     —0.03  cos  64,  +".03  sin  64, 

—0.01  cos  74,  +<'-01siu74, 

(6.».2)=+0.01  sin    4,    +0.05  cos   4,  (i.c.2)=— 0.07  sin    4, 

—0.03  sin  34,     —0.09  cos  34,  +0.09  sin  34, 

—0.05  cos  44,  +0.05  sin  44, 

—0.04  cos  54,  +0.04  sin  64, 

+0.01  cos  74,  +0.01  sin  64, 

—0.01  sin  74, 

Action  of  Jupiter  and  Saturn. 
(Terras  multiplied  by  tbe  product  of  their  masses.) 

jv;=  is-  j 

N,=~  f7+3S—  / 
JK,=-2i7+4S—  J 
Nt=  SU+iS—2J 
N,=  27I+'iS—2J 
JV,=  .  5S—2J 
N,^-3U+6S—2J 
N,=—3U+lS—%r 


—0.04  cos  4, 
+0.00  cos  24, 
+0.04  cos  34, 
+0.01  cos  44, 


+0.04  cos  4, 
+0.06  cos  24, 
+0.07  cos  34, 
+0.01  cos  44, 
—0.03  cos  84, 


-0.03  cos  34, 
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Action  of  Jupiter  and  Saturn  — Continued. 
(Terms  multiplied  by  the  product  of  tlieir  masses.) 


(«.c.0)=+  0.08  sin  ifj 
-f  0.04  sin  J?, 

—  0.01  sin  iV, 

—  0.35  sin  iV, 
(  —  0.55  sin  jV, 
t  +40.65  sin  N, 

—  0.05  sin  N, 


(o.c.l)= 


:+  0.06  sin  JV, 
-J-  0.18  sin  Jf, 

—  0.03  sin  iV, 

—  0.02  sin  Jf, 

—  0.44  sin  iV, 

—  4,23  sin  JV, 
+  8.06  sin  JV, 

—  0.10  sin  JV, 


+  0.51  cos  J\r, 
+  0.01  cos  JV, 
+  0.05  cos  JV, 

—  1,80  cos  iV, 
_  0.03  cos  JV,] 
— 10.50  cos  JV,  J 
-1-  0.03  cos  JV, 

—  0,27  cos  JV, 
+  0,01  cos  JVj 
+  0,08  cos  JV, 
+  0.09  cos  JVj 

—  0.61  cos  JV, 

—  3.87  cos  JV,) 

—  8.38  cos  JV,  i 
-I-  0.03  cos  JV, 


(!>.S.1)  = 


=+0.26 
—0.04  SI 
+0.08 
—0.02 
+0.30  si 
+2.64 
+7.35  si 
—0.04 


n  *;  +0.27  cos  JV, 

nJVj  -0.17  cos  JV, 

n  JV,  +0.03  cos  JV, 

n  JV,  +0.08  cos  JV, 

n  JV,  —0.58  cos  JV, 

nJV,  +4.64  cos  JV.) 

n  JV,  +''■''1  cos  N,  I 

n  JV,  +0.00  cos  JV, 


:  (  +0.16  sin  JV,  +0.26  cos  JV,  1 
sJV,l 


1  +0.54  sin  JV,  +0.47  cos  } 


(o.c.2)=  f  —0.24  sin  JV,  —0.22  cos  JV,  1    (ti.«,2)= 

t  +0.47  sin  JV,  —0.64  cos  JV,  j 
(p.c.O)=+llsin  JV,     — 3cosJV, 

Two  of  tliese  arguments,  namely,  5,S' — 2J,  and  —  3r/ +  6^ — 2J,  are  of  very 
long  period,  that  of  the  first  being  about  880,  and  that  of  the  second  about  1590 
years.  It  will,  therefore,  be  convenient  to  tabulate  them  both  as  functions  of  the 
time  for  the  time  during  which  the  theory  is  to  be  used.  To  make  their  effect  as 
small  as  possible  during  the  period  for  which  the  provisional  ephemeris  is  to  be 
computed,  we  shall  suppose  the  longitude  of  epoch,  mean  motion,  and  longitude  of 
the  perigee  to  be  affected  with  the  negative  of  the  following  corrections : 

Se  =  +  37.27, 
fe  =  +  27.21, 
in  =  —    0.1172. 

Reducing  these  corrections  to  corrections  of  the  co-ordinates,  and  adding  them  to 
the  terms  of  long  period  in  the  true  longitude  and  logarithm  of  radius  vector,  we 
shall  have  for  these  terras, 

(ji.c.O)=—   0.546  sin  JV,—    0.032  cos  JV, 

+  40.660  sin  JV  —  10.600  cos  JV,  +  27.27  —  11.72  T 

(o.s.l)  =      2.63  sin  JV,  +  4.64  cos  jV,  +  7.35  sin  JV,  +  4.42  cos  JV, 

(t>.c.l)  =  — 4.22  sin  JV,  — 3.87  cos  JV,  + 8.06  sin  JV,  — 8.39  cos  JV,  —1.107 
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(V.S.2)  =  +  0.16  sin  JV,  +  0.26  cos  N,  +  0.54  sin  N,  +  0.47  cos  N, 

(I..C.2)  =  —  0.24  sin  N,  —  0.22  cos  JV,  +  0.47  sin  A;  —  0.54  cos  N,  —  V.OIT 

(p.c.O)  =  +    2  cos  iV,  +  10  sin  N,  +  32  cos  if,  +  22 

(p.s.l)  =  —  41  sin  iV,  —  4-3  cos  N,  -(-  82  sin  N,  —  85  cos  JV,  —  127 

(p.c.  1)  =  —  29  sin  Af  —  45  cos  N,  —  ia  sin  .¥,  —  44  cos  N, 

The  values  of  these  and  of  tlie  other  secular  terms  and  terms  of  long  period  for 
the  period  during  which  Uranus  lias  been  observed,  are  given  in  the  following 
table : 


(v.c.O) 

Neptune 

Jupit<T  and  Saturn 

(long  per.) 

(long  per.) 

am. 

noo 

+  85,54 

+  4.86 

+90.40 

1T50 

+38.45 

+  1.90 

+40,35 

1760 

31.25 

1.48 

32.73 

1770 

24,80 

1.11 

25.91 

1780 

19,09 

0.80 

19.89 

1790 

14,12 

0.54 

14.66 

1800 

9,89 

+0.33 

10.23 

1810 

6.42 

0.17 

6.59 

1820 

3.69 

+0.07 

3.76 

1830 

1.71 

0.00 

1.7! 

1S40 

+  0,48 

—0.02 

+  0.46 

1850 

0,00 

0.00 

0.00 

1860 

+  0.27 

+0.06 

4    0.33 

1870 

1,29 

+0.16 

1.45 

1880 

+  3.06 

+0.30 

+  3.36 

Values  OF  (u,s,l) 

0) 

(2) 

(3) 

(4) 

(S) 

Saturn 

Neptuue 

Neptune 

JupiteriSatnrn 

Sum. 

imc.) 

{«ec,) 

(see.) 

(long  per.) 

(long  par.) 

1700 

+1.82 

+  13.77 

+0.75 

—212.73 

—10.18 

—206.57 

1750 

4-1.22 

+   9,18 

+0.50 

-141.97 

—  9.11 

—140.18 

1760 

1.10 

8.26 

0.45 

-127.76 

—  8.83 

—126.78 

1770 

0.97 

1,34 

0.40 

—113.55 

—  8.54 

—113.38 

1780 

0.85 

6,43 

0.35 

—  99.33 

—  8.24 

—  99.94 

1790 

0.73 

5.51 

0.30 

—  85.11 

—  7.93 

—  86.50 

1800 

0.61 

4.59 

0.25 

—  70.90 

—  7.61 

—  73.06 

1810 

0.49 

3,67 

0.20 

—  56.69 

—  7.28 

—  59.61 

1820 

0,36 

"  2.76 

0.15 

—  42.49 

—  6.94 

—  46.16 

1830 

0.24 

1.84 

0.10 

—  28.31 

—  6.60 

—  32.73 

1840 

-f-0.12 

+  0.92 

+0.05 

—  14.14 

—  6.26 

—  19.31 

1850 

0.00 

0.00 

0.00 

0.00 

—  5.91 

—     5,91 

1860 

-0.13 

—  0.92 

—0.05 

+  14.12 

—  5.57 

+     7.46 

1870 

—0.2* 

—  1.84 

—0.10 

28.23 

—  5.23 

20.82 

1880 

—0.36 

-  2.7^ 

—0.15 

+  42.32 

—  4.89 

+  34.16 

12       Uay,  1873. 
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YALUEaOF{(-X.l)                                                                                            1 

(1) 

(2) 

(3) 

(4) 

(6) 

Jupiter 

Saturn 

NBptuno 

N.ptane 

Jupiter  &  Saturn 

Sam. 

<a««.) 

(s^o.) 

(9BC.) 

(long  per.) 

Ooug  P«r.) 

liOO 

-f-17.19 

+  16.07 

+7.20 

+  37.63 

—1.93 

+76.71 

1150 

+11.46 

+  11.11 

+4.80 

+28.67 

—2.28 

+53.76 

1T60 

10.31 

10.00 

4.32 

26.46 

—2.36 

4^.73 

ITtO 

9.11 

8.89 

3.84 

24.10 

—2.45 

13.55 

nso 

8.02 

7.73 

'3.36 

21.60 

—2.53 

33.23 

1T90 

6.88 

6.67 

2.88 

18.95 

—2.61 

32.77 

1800 

5.73 

5.56 

2.40 

16.16 

—2.69 

27.16 

1810 

4,58 

4.44 

1.92 

13.23 

—2.76 

21.41 

1820 

3.44 

3.33 

1.44 

10.15 

—2.83 

15.53 

1830 

2.29 

2.22 

0.96 

6.92 

—2.90 

9.49 

1840 

+  1.15 

+  1.11 

+0.48 

+  3.63 

—2.97 

+  3.30 

1850 

0.00 

0.00 

0.00 

0.00 

—3.03 

—  3.03 

1860 

—  1.15 

—  Ill 

—0.48 

—  3,68 

—3.08 

—  9.50 

18T0 

—  2.29 

—  2.22 

—0.96 

—  7.51 

—3.13 

—16.11 

1880 

—  3.44 

—  3.33 

—1.44 

—11.49 

—3.16 

—22.86 

(..«.2) 

const.  = 

—  0".14. 

(1) 

(2) 

C3) 

(4) 

(5) 

Sam. 

1700 

+0.11 

+0.81 

+0.04 

—12.46 

—0.72 

—12.36 

nr,o 

+0.07 

+0.54 

+0.03 

—8.31 

—0.70 

—8.51 

neo 

0.06 

0.49 

0.03 

—7.48 

—0.69 

—7.73 

ITTO 

0.06 

0.43 

0.02 

—6.64 

—0.68 

—6.95 

1T80 

0.05 

0.38 

0.02 

—5.81 

—0.66 

—6.16 

1790 

0.04 

0.32 

0.02 

—4.98 

—0.65 

—5.39 

1800 

0.04 

0.27 

0.02 

—4.15 

—0.64 

—4.60 

1810 

0.03 

0.22 

0.01 

—3,32 

—0.63 

—3.83 

1820 

0.02 

0.16 

O.OI 

—2.49 

—0.61 

—3.05 

1830 

O.OI 

o.n 

+0.01 

—1.66 

—0.60 

—3.27 

1840 

+0.01 

+0.U5 

0.00 

—0.83 

—0.58 

—1.49 

1850 

0.00 

0.00 

0.00 

0.00 

—0.57 

—0.71 

1860 

—0.01 

—0.05 

0.00 

+0.82 

—0.56 

+0.06 

1870 

—0.01 

—0.11 

—0.01 

1.65 

—0.54 

0.84 

1S80 

—0.02 

—0.16 

—0.01 

+2.48 

—0.53 

+  1.63 

(i>.c.2) 

const.  = 

+  0".13. 

(1) 

(2) 

(3) 

(4) 

C") 

Sum. 

1700 

+1.00 

+0.93 

+0.42 

+2.20 

—0.11 

+4.62 

1750 

+0.67 

+0.65 

+0.2S 

+  1.68 

—0.12 

+3.39 

1760 

+0.60 

0.59 

0.25 

1.55 

—0.12 

3.00 

1770 

+0.54 

0.52 

0.22 

1.41 

—0.12 

2.70 

1780 

+0.47 

0.46 

0.20 

1.26 

—0.13 

2.39 

1790 

+0.40 

0.39 

0.17 

1.11 

—0.13 

2.07 

1800 

+0.34 

0.33 

0.14 

0.94 

—0.13 

1.75 

1810 

+0.27, 

0.36 

0.11 

0.77 

—0.14 

1.40 

1820 

+0.20 

0.20 

0.03 

0.59 

—0.14 

1.06 

1830 

+0.13 

0.13 

0.06 

0.39 

—0.14 

0.70 

18iO 

+0.07 

+0.07 

+  0.03 

+0.20 

—0.15 

+0.35 

1850 

0.00 

0.00 

0.00 

0.00 

—0.15 

—0.03 

1860 

—0.07 

—0,07 

—0.03 

—0.21 

—0.15 

—0.40 

1870 

—0.13 

—0.13 

—0.06 

—0.43 

—0.16 

-0.78 

1880 

—0.20 

—0.20 

—0.08 

—0.68 

—0.16 

—1.19 
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(..S.3)                                                                                  1 

<^.) 

(2) 

(3) 

(4) 

(5) 

Sftturu 

Hejitune 

Ne|>lan« 

Jupiter  &  Saturn 

Sum. 

(aee.) 

(sec.) 

(seo.) 

(long  per.) 

(l«ngp«r.) 

ITOO 

+0.01 

+0.05 

0.00 

—0.76 

0 

—0.70 

1150 

0.00 

+0.03 

0 

—0.51 

0 

—0.48 

nco 

0 

0.03 

0 

^0.46 

0 

—0.43 

1770 

0 

0,03 

0 

—0.40 

0 

—0.37 

1780 

0 

0.02 

0 

—0.35 

0 

—0.33 

1790 

0 

0.02 

0 

—0.30 

0 

—0.28 

1800 

0 

0.02 

0 

—0.25 

0 

—0.23 

1810 

0 

0.01 

0 

—0.20 

0 

—0.19 

1820 

0 

0,01 

'0 

—0.15 

0 

—0.14 

1830 

0 

+0,01 

0 

—0.10 

0 

—0.09 

1840 

0 

0.00 

0 

—0.05 

0 

—0.05 

1860 

0 

0.00 

0 

0.00 

0 

0.00 

1860 

0 

0.00 

0 

+0.05 

0 

+0.05 

1870 

0 

—0.01 

0 

+0.10 

0 

+0.09 

1880 

0 

—0.01 

0 

+0.15 

0 

+0.14 

(v.c.H)                                                                                 1 

0) 

(2) 

C3) 

(4) 

Sum. 

ITOO 

+0,06 

+0.06 

+0.02 

+0.13 

+0.27 

1750 

+0.04 

+0.04 

+0 

02 

+0.10 

+0.20 

17G0 

0.04 

0.04 

0 

01 

+0.09 

+0.18 

1770 

0.03 

0.03 

0 

01 

+0.08 

+0.15 

1780 

0.03 

0.03 

0 

01 

+0,07 

+0.14 

1790 

0.02 

0.02 

0 

01 

+0.00 

+0.12 

1800 

0.02 

0.02 

0 

01 

+O.0G 

+0.11 

1810 

0.02 

0.02 

+0 

01 

+0.05 

+0.09 

1820 

0,01 

0.01 

0 

00 

+0.04 

+O.Ofi 

1830 

+0,01 

+0.01 

0 

00 

+0.02 

+0.04 

1840 

0.00 

0.00 

0 

00 

+0.01 

+0.02 

1850 

0.00 

0,00 

0 

00 

0.00 

0.00 

1860 

0.00 

0.00 

0 

00 

—0.01 

—0.02 

1870 

_0.01 

—0.01 

0 

00 

—0.02 

—0.04 

1880 

.^0.01 

—0.01 

0 

00 

—0.04 

—0.06 

For  the  rad 

us  VECTOR.       1 

Values  of  f,,,^ 

0) 

(1) 

(3) 

(3) 

ii-) 

(5) 

Sun,. 

1700 

+0.4 

+3,5 

—0.2 

+1C4 

+13 

+181 

1750 

+0.S 

+2,3 

—0.1 

+110 

7 

+120 

1760 

0,3 

2.1 

0 

99 

6 

lOT 

1770 

0.2 

1.9 

0 

88 

5 

95 

1780 

0.2 

l.fi 

0 

77 

4 

83 

1790 

0.2 

1,4 

0 

67 

3 

IS 

1800 

0.2 

1,2 

0 

56 

2 

60 

1810 

0.1 

0,9 

0 

45 

2 

48 

1820 

0.1 

0,7 

0 

34 

+   1 

36 

1830 

+0.1 

0.5 

0 

22 

0 

23 

1840 

.0 

+0.2 

0 

+  U 

0 

+  11 

1850 

.0 

0,0 

0 

0 

—  1 

—     1 

1860 

.0 

—0.3 

0 

—  11 

_-  2 

—  13 

1870 

—0.1 

—0.5   . 

0 

22 

—  2 

—  25 

1880 

_*.l 

^0.7  -■ 

0 

—  33 

—  3 

—  37 
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(P.s.l 

const. 

=  +  C3, 

0) 

(2) 

(3) 

(4> 

(5> 

Jnpiter 

Saturn 

Neptune 

Neptune 

Japiter&Satarn 

(s«e,) 

(sec.) 

(sec.) 

(long  per.) 

(lougper.) 

1700 

+  180 

+116 

+15 

+396 

—21 

+8G9 

1150 

+  120 

+111 

+50 

+302 

—35 

+627 

1760 

103 

105 

45 

280 

36 

575 

1110 

96 

94 

40 

255 

28 

620 

1180 

84 

82 

35 

228 

29 

463 

1190 

72 

10 

30 

200 

30 

405 

1800 

60 

59 

35 

110 

31 

346 

1810 

48 

47 

20 

139 

32 

285 

1820 

36 

35 

15 

106 

33 

222 

1830 

24 

23 

10 

12 

34 

158 

1840 

+  13 

+  12 

+  5 

+  31 

34 

95 

1850 

0 

0 

0 

0 

35 

+  38 

1860 

—  13 

_  12 

^   5 

—  39 

36 

—  41 

1810 

24 

33 

10 

80 

36 

—110 

1880 

—  36 

—  35 

—15 

—122 

—37 

—182 

(p.e.l) 

const.  = 

+  13. 

CD 

(2> 

(3) 

C4) 

(5) 

S.m. 

1100 

—20 

^141 

-3 

+2241 

+104 

+2242 

1150 

—13 

—  98 

—6 

+1496 

+  94 

+1546 

1160 

—  12 

—  88 

—5 

1346 

91 

1405 

1110 

—10 

—  78 

—5 

1197 

88 

1265 

1180 

—  9 

—  69 

—4 

1047 

85 

1123 

1190 

—  8 

—  59 

—4 

897 

82 

981 

1800 

—  6 

~  49 

—3 

747 

18 

840 

1810 

—  5 

—  39 

—2 

598 

74 

699 

1820 

—  4 

—  29 

—2 

448 

71 

557 

1830 

—  3 

—  20 

—1 

299 

68 

416 

1840 

1 

—  10 

—1 

+  149 

64 

274 

1850 

0 

0 

0 

0 

61 

+  134 

1860 

+  1 

+  10 

+  1 

—  149 

58 

—   6 

1870 

3 

20 

1 

398 

54 

—  141 

1880 

4 

29 

2 

_  447 

+  51 

—  288 

(f.s-2 

)      const. 

=  +5, 

0) 

(2) 

(3) 

(4) 

(5) 

Sum. 

1700 

+12 

+13 

+* 

+28 

0 

+61 

1750 

+  8 

+  8 

+6 

+21 

0 

+48 

1160 

7 

7 

5 

19 

0 

43 

1110 

6 

6 

5 

17 

.0 

S9 

1780 

6 

6 

4 

15 

0 

36 

1790 

5 

5 

4 

13 

0 

32 

1800 

4 

4 

3 

11 

0 

27 

1810 

3 

3 

2 

8 

0 

21 

1820 

2 

2 

2 

6 

0 

17 

1830 

2 

2 

1 

i 

0 

14 

1840 

+  1 

+  1 

4-1 

+  2 

0 

10 

1850 

0 

0 

0 

0 

0 

+  5 

1860 

—  1 

—  1 

—1 

—  2 

0 

0 

1870 

2 

^   —  2 

—1 

4 

0 

—  4 

1880 

—  2 

—  2 

—2 

-  6 

0 

—  7 
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(p.o. 

)            const. 

=+i 

(1) 

(2) 

(3) 

(4) 

(5) 

Jupiter 
(aeo.) 

Batura 

Neptune 
(sec.) 

Neptune 
(long  per-) 

Jnpiter&  Saturn 
(lougper.) 

Sum. 

noo 

—1 

—10 

0 

+157 

0 

+150 

U50 

1 

—  7 

0 

+  105 

0 

+101 

1760 

—  6 

0 

95 

0 

92 

1770 

1 

—  6 

0 

84 

0 

81 

1780 

_1 

—  5 

0 

U 

0 

72 

1790 

_1 

—  4 

0 

fiS 

0 

K3 

1800 

0 

_  3 

0 

53 

0 

53 

1810 

0 

_  3 

0 

42 

0 

43 

1820 

0 

_  2 

0 

31 

0 

S3 

1830 

0 

_  1 

0 

21 

0 

24 

1840 

0 

1 

0 

+  10 

0 

13 

1850 

0 

0 

0 

0 

0 

+  4 

1860 

0 

+  1 

0 

—  10 

0 

—  5 

1870 

0 

1 

0 

21 

0 

—16 

1880 

0 

+  2 

0 

_  31 

0 

—25 

Reducud  Expressions  for  the  Latitude  of  Uranus. 
If  we  represent  by  V-^,  Fj,  Ya  the  distances  of  Uranus  from  its  descending  nodes 
on  the  respective  orbits  of  Jupiter,  Saturn,  and  Uranus,  we  find  the  following 
perturbations  of  the  latitude,  which  are  independent  of  the  mean  longitude  of  the 
disturbing  planets. 

S^=— 0.0114^ cos  Fi 

—  0.0477^  cos  Fa 

—  0.0125(cos  Fs 


+  0.245 

-i- 0.386  sin  ^  +  0.266  cos  g 

—  0.043  sin  2g  +  0.006  cos  2</. 

To  find  how  far  the  last  five  terms  may  be  represented  by  simple  corrections  to 
the  elliptic  elements,  we  first  represent  the  effect  of  minute  corrections  to  the 
inclination  and  node  of  Uranus  as  a  function  of  its  mean  anomaly.  Putting  it  for 
the  argument  of  latitude  of  Uranus,  we  have  to  a  sufficient  degree  of  approxima- 
tion 


5j5  =  sin  uh^  —  sin  ^  cos  uhO 


-\-    cos  G)  sin    g  -\-    sin  o  cos    g 
-\-  e  cos  (J  sin  2g-\-e  sin  a  cos  2g 
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94  THE   ORBIT   OF   URANUS. 

COS  u^  —  e  cos  Q 

-|-    cos  a  cos    g  —    sin  a  sin    g 
-j-  e  cos  (J  cos  2g  —  e  sin  o  sin  2^. 

Substituting  these  values  of  sin  u  and  cos  u  in  the  expression  for  3/3,  and  putting 
sin  ^hQ  =  h'd,  we  have 

h^  ^  e  cos  (j5'^  —  c  sin  cj  h^ 

4-  (  cos  u^^  -\-    sin  o^'fl)  sin   ^  -(-  (  ^i^  "^'?'  —    ''os  tiyO)  cos    g 
-\-  (e  cos  oh^  -j-  e  sin  (jS'6)  sin  2g  -(-  (c  siu  cj§^  —  e  cos  oi'O)  cos  2g. 

To  represent  the  numerical  coefficients  of  sin  g  and  cos  _^  in  5/3  we  must  put 

cos  o5<^  +  sin  aS'B  —  0".386 
sin  a?i^  —  cos  G>^'&  =  0  .266. 

Since  a  =  95°  3',  this  gives 

^<p=       0.231; 
h'e  =       0.409 : 


+  0.386  sin    ^-|- 0.266  cos    g 
+  0.018  sin  2g  +  0.013  cos  2g 
Subtracting  this  expression  from  the  corresponding  terms  of  5/3,  we  have  loft 
&^=-\-  0".258  —  0".061  sin  ■2g  —  0".007  cos  2g. 
The  first  term  of  this  expression  shows  that  the  mean  orbit  of  Uranus  at  the 
present  time  is   a  small  circle  of  the  sphere  one-quarter  of  a  second  north  of  its 
parallel  great  circle. 
If  we  put 

V  =  longitude  of  Uranus  in  its  orbit,  referred  to  the  equinox  and  ecliptic  of 
1850,  we  have 

V,  =  v  —  127°  3T 
F,  =  r  — 136  45 
%  =  v  —  U5   32 

Substituting  these  values  in  the  first  three  terms  of  3/5,  and  multiplying  the  last 
term  by  the  factor  (1  -j-  ^)  t>y  which  the  adopted  mass  of  Neptune,  yyJuo,  must 
be  multiplied  to  obtain  the  true  mass,  we  find 

5/3  =  (4".69  +  1".14,m)  Tcos  v  —  (5'.24  +  0".52,u)2'sin  v. 
To  these  terms  must  be  added  those  which  arise  from  the  motion  of  the  ecliptic. 

In  the  absence  of  any  exhaustive  investigation  of  the  obliquity  and  motion  of 

the  ecliptic,  I  adopt  the  elements  of  Hansen,  employed  in  his  "  Tuhles  du  Sohil" 

because  they  are  a  mean  between  the  results  of  others,  and  are  very  accordant 

with  recent  observations.     The  secular  motion  of  the  obliquity  there  employed  is 

~  46".  78. 
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Hansen  mentions  —  5".39  as  the  corresponding  motion  at  the  equinox  of  1850, 
found  by  Olufsen,  but  I  cannot  reproduce  this  result  from  the  secular  diminution 
with  any  masses  of  Mercury,  Venus,  and  Mars,  which  seem  to  me  probable.  The 
expressions  in  terms  of  the  masses  given  by  Le  Verrler  are  {Annales  de  VObserva- 
tolre  Imperiid  de  Paris.,  tome  ii,  p.  101), 

Secular  change    =  —  47.59  —  0.53j^  —  28.90/  —  0.83i''" 
Mot.  at  equinox  —  -|-  5.89  +  Q.Q2i>  -\-    l.olv'  -\-  0.73/'. 

In  this'  expression  the  masses  of  Mercury,  Venus,  and  Mars  are  represented  by 

3  000  OOT'  401  847'  ^"^  2  680  337'  ^'^^P^'^t^^^*)'-  ^he  influence  of  admissible 
changes  in  the  masses  of  the  other  plants  is  insensible. 

From  the  researches  of  Le  Verrier  on  the  motions  of  the  four  inner  planets  I 
conclude  that  the  following  are  about  the  most  probable  distribution  of  the  correc- 
tions of  the  masses  necessary  to  produce  the  motion  of  the  obliquity  given  by 
Hansen,  namely, 

V  =-     i 
»■'  =  —  .018 

""=-  A 

These  values  give  for  the  motion  at  the  equinox  of  1850 

+  5".43 

Introducing  the  secular  variation  of  these  motions  we  have,  for  the  change  in 
the  latitude  of  any  celestial  body  near  the  ecliptic,  arising  from  motion  of  the 
echptic, 

5^  =  (5-.437'+  0".19r)  cos  v  +  (46".78r~  O'.OS  T^)  sin  v. 

Combining  this  with  the  change  arising  from  the  motion  of  the  orbit  of  Uranus, 
we  find 

hli  =  |(10".12  +  VM'i)  T-{-  0".19  T^\  cos© 
+  |(41".54  —  0".52/^)  T—  0".06  r\  sin  v. 

Wo  may  represent  these  expressions  in  the  usual  way  by  secular  variations  of 
the  inclination  and  node  of  Uranus.  But,  owing  to  the  small  inclination,  and 
consequent  rapid  motion  of  the  node,  it  will  be  necessary  to  include  the  coefficients 
of  the  second  power  of  the  time.  On  the  other  hand,  no  distinction  between  t 
and  6  is  necessary.  Putting  ^  for  the  inclination  of  the  orbit,  Q  for  the  longitude 
of  the  node  referred  to  the  equinox  of  1850,  and 

^  ^  sin  ^  sin  Q, 
q  =11  sin  <J)  cos  Q ; 

we  have 

sin  ^      —  —  p  cos  i'  +  ?  ^^"  ^ 
cos  ^S(3  =  —  hp  cos  V  +  6q  sin  v. 
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From  the  expressions  for  j)  and  g  wc  obtain 

cos  ^1  Di^  =  sin  0  £>tp  -[-  cos  d  D^q; 
sin  ^  Did  =^  cos  0  £>^  —  sin  6  Dtq, 

And,  neglecting  (Dt^y  X  sin  ^,  we  have  farther, 

cos  ^jD^t<P  —  si"  ^  i^tOy  +  sin  0Z>^,2>  +  cos  dD\q; 

sin  <^-Z>^,0  —  —  2  cos  ^D^OBtf  +  cos  9D\p  —  sin  ^Z-^jg-. 

Since  ^  is  only  46'  we  may  put  cos  <j)  and  cos  /3  both  equal  to  unity  in  these 
expressions,  while  we  have,  for  1850, 

sin  0  =         0  .9573 
cos  0  ^         0  .2890 
Btp  =  —  10".\2  —  l".Uu. 
D,q   ^  +  41  .54  —  0  .52|« 
L\p=—    0.38 
L\q^~    0.12 
log  sin  (f=         8.129606. 

The  above  formulse  then  give 

i),,^=  +  2".31      —  l".24,,i 
DtB  =  — 3167".5  +  12".6^ 
UC,^  =  +  0'.26 
D\^  ^  +  5".6 

^  =  <^,  +  (2".31      —  r.24,«)  T-\-  QMS  T^ 
0  =  Oo—  (3167".5  —  12".6^»)  T-{-  2  .8  T\ 

or,  adding  Struve's  precession,  we  have  when  d  is  counted  from  the  mean  equinox 
of  date, 

e  =  (?o  +  (1857".7  +  12".6^)  T-{-  3".9  T\ 

Using  the  values  of  ^  and  6   given  by  these  expressions,  the  latitude,  secular 
variation  included,  will  be  given  by  the  expression 

sin  /?  =^  sin  ^  sin  (y  —  0). 

If  we  take  from  a  table,  as  the  principal  term  of  the  latitude,  the  value  of  sin 
^j  sin  (v  —  B),  the  secular  term  to  be  added  will  be 

J  (2''.31  —  1'.24^)  T-\-  0M3  r  [  sin  (v  —  6). 

If  we  represent,  as  before,  by  o  the  variable  distance  of  the  perihelion  from  the 
node,  this  term  will  be  allowed  for  by  adding  to  (b.s.l),  (h.c.l),  etc.,  the  terms 
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(&.C.0)  =  —  e  sin  o5^, 
(b.s.l)  =  cosi^^, 

(J.C.1)  =:  sm(a5^, 

(b.c.2)  =        esm(o^(|>; 
where 

^■^  =  (2-.31  —  l".2i;()  7^+  0".13r 
Putting  ill  the  above  expressions 

(J  ^95^3' +3459"?; 
cosu  =  —. 0880 —  .01677, 
sin  <j  =  +  . 9961— .00157; 

we  find 

(b.c.O)  =  ~  (If.ll  —  d"mi)T 
(h.s.l)  =  —  (0  .20  —  0  .11«)7'—  0".05  2" 
(&.C.1}  =       (2  .30  _  1  .24)2'+  0  .12^ 
{b.s.2)=  —  O.Olf 

{h.c.2)^       (0.11— O-Oev)?*. 

We  have,  finally,  to  consider  the  terms  rf  long  period  in  }.->^  and  Ik  which  have 
been  omitted  from  thn  periodic  perturbations  produced  by  Ncptmie,  in  computing 
the  terms  of  ^[3  on  page  61,  and  which  are  as  follows; 

?,v;—       l".43cos(2;'—    ^)  —  0".39  siii(2r—    rj) 

—  2  . 1 2  cos  (4?  —  2(1)  +  1 .00  sin  (4^—  2ff) 
+  0  .20  cos  (6r—  3^)  —  0  .04  sin  (6?—  3^) 
+  constant  =  0".00 

^k=      0".80cos{2?—   p)_2".28sin(2r—   g) 

—  1 .06  cos  (4?  _  2f7)  —  1  .85  sin  (4^  —  2g) 
+  0  .04  cos  {61  —  3//)  +  0  .19  sin  (OZ"—  Sg) 
+  constant  — 0".364. 

For  the  period  during  which  Uranus  has  been  observed,  these  values  of  6^  and  ih 
may  bo  replaced  by  the  following: 

lk  =  -{-0.2TT 
which  are  to  he  multiplied  by  the  factor  1  +  fi.     The  corresponding  perturbation 
of  the  latitude  will  be 

l/i  :=  sin  y'^yj  —  cos  \-'k. 

Putting  for  v  its  approximate  value 

v=^  +  «  +  2esiuj 

and  developing  to  quantities  of  the  first  order  with  respect  to  the  eccentricities, 

we  have 

sin  V  =  sin  (//  +  <j)  + 1?  sin  (2^  +  w^  —  e  sin  a 
cos  V  =  cos  {'J  +  (j)  +  e  cos  (2<jr  +  u)  —  e  cos  w. 
13      May.  1S73. 
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Substituting  for  o  its  value,  12°45',  and  for  Sj;  and  hk  their  above  values  in  the 

expression  for  3/?,  we  find  that  the  terms  of  5,iJ  in  question  will  add  the  following 

terms  to  (b.o.Q),  (ft.e.l),  etc. 

{b.c.O)  ^  —  .010  ^y!  -\-  .046  I7c  =  +  0".027'(1  +  fi) 
(b.s.l)  =  -\-  .975  5>7  +  .221  a  =  —  0  .12T{1  +  ft) 
(h.cA)  =  +  .221  5)7  —  .975  a  =  —  0  .447'(1  +  ^) 
(6.5.2)  =  +  .046  ^yi  +  .011  ^k  =  —  0  MT  (1  -j-  n) 
(b.c.2)  =  ~  (b.c.O)  ==  —  0  .02T  {1  +  ^) 

These  values  will  be  employed  in  the  construction  of  the  provisional  ephemeris, 

but  not  in  the  tables. 

Collecting  all  three  classes   of  terms  discussed  in  this    section,  we  have  the 

following  constant  and  secular  terms  in  (b.c.O),  (ft.e.l),  etc. 

(j.c.O)  ^   +  0".26  +  (— 0".09  +  O.OSu)T 
(b.8.1)  =  (—  0".93  —  0".61m)7'—  0".057^ 
(b.c.l)  =  (+  1.86  —  1.68/0^+0.122^ 
{b.s.2)  ^   —0.06—0.057' 
(J.e.2)  =    —  0  .01  +  (0  .09  —  .08:^)  T 

Positions  of  Uranus  resnlting  from  the  preceding  tlieory. 

The  next  step  in  order  is  the  preparation  of  an  ephemeris  of  the  planet  for 
comparison  with  observations.  As  this  provisional  theory  is,  for  future  use,  super- 
seded by  the  tables  appended  to  the  present  work,  it  seems  unnecessary  to  enter 
very  fully  into  the  details  of  the  computation  of  the  ephemeris.  The  perturba- 
tions of  the  longitude,  logarithm  of  radius  vector,  and  latitude,  were  first  com- 
puted by  the  formulae  already  given. 

lv=  {v.c.<i)  -\-  {v.c.V)  cos g  -\-  {v.c.l)  cos 2y-}- etc., 

-\-  [v.s.l]  sin^-|-(«.s.2)  sin  2^ -|- etc., 

jIfSp  ==  (p.c.O)  -f  (p.c.i)  cos  g  -\-  (p.c.2)  cos  2'j  +  etc., 

-f  (p.«.l)  sin  g  -j-  (p.«.2)  sin  2g  +  etc., 

5,3  =  (J.c.O)  +  C'^.c.l)  cos^  +  (S.fl.l)  sin  g. 

Each  coefficient  {v.c.O),  {v.c.\),  etc.,  is  composed  at  most  of  the  following  quan- 
tities : 

1.  The  five  classes  of  secular,  long  period,  or  constant  terras,  the  separate  values 
of  which,  with  the  sum  of  all,  are  given  on  pages  89  to  93. 

2.  Periodic  terms  due  to  the  action  of  Jupiter,  Saturn,  and  Neptune,  given  on 
pages  83  to  87. 

3.  Terras  depending  on  the  product  of  the  masses  of  Jupiter  and  Saturn,  given 
on  page  88,  omitting  those  depending  on  N^  and  N^,  because  they  are  given  in 
column  5  of  the  terms  of  the  first  class. 

The  sum  of  the  perturbations  thus  computed  is  given  in  the  third  column  of  the 
following  ephemeris. 

An  approximate  valpe  of  the  perturbations  produced  by  Neptune  alone  is  inde- 
pendently computed  for  every  fourth  date,  and  the  result  is  given  in  the  fourth 
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column.     The  secular  and  long  period  terms  are  here  taken  from  columns  (3)  and 
(4)  of  the  tables  on  pages  89  to  93. 

The  elliptic  co-ordinates  wore  then  derived  from  the  following  elements,  which 
are  a  little  different  from  those  employed  in  tlie  computation  of  the  perturbations. 

Elements  III.  of  Uranus. 


^ 

168°   15'   IT.O 

e. 

28    25    29  .5 

c, 

73     11    58.0 

*. 

0    46    20.0 

«) 

.0469436 

e,  1 

;insec.)   9682".81 

n. 

16426.196 

log  a, 

1.2828989 

1.  to  Ecliptic, 

—  9".3T  sin  2  (ii  - 

-6) 

The  longitudes  thus  found  are  corrected  for  lunar,  but  not  for  solar  nutation, 
and  the  results  are  given  in  the  fifth  column. 

The  column  "correction"  arises  in  this  way:  after  the  comparison  of  the  ephe- 
meris  with  observations  was  nearly  completed,  it  was  found  that  some  errors  had 
crept  into  the  former,  the  most  important  of  which  was  the  employment  of  a  mean 
anomaly,  g,  corrected  for  secular  variation  of  the  perihelion  in  the  computation 
of  the  perturbations  from  the  preceding  formula.  As  a  large  portion  of  the  com- 
putations on  the  provisional  ephemeris  had  been  made  by  assistants  furnished  by 
the  Smithsonian  Institution, and  Nautical  Almanac,  I  deemed  it  prudent  to  make 
a  careful  recomputation  of  the  perturbations  for  every  sixth  date  during  the  entire 
period  of  the  modern  observations.  The  longitudes  actually  printed  in  the  fifth 
column  are  the  results  of  the  original  incorrect  computation,  while  the  numbers 
in  the  next  column  show  the  several  corrections  to  be  applied  to  obtain  the  results 
of  my  final  revised  computation. 

During  the  period  of  the  modern  observations  the  ephemeris  is  computed  for 
intervals  of  120  days,  and  the  selected  dates  are  all  exact  multiples  of  that  interval 
before  or  after  the  fundamental  epoch,  1850,  Jan.  0,  Greenwich  mean  noon. 
For  convenience  of  reference  the  dates  are  numbered  from  an  epoch  earlier  by  213 
intervals,  and  the  number  is  given  in  the  second  column. 

Between  1796  and  1801  no  observations  worth  using  were  made  on  Uranus,  the 
ephemeris  has,  therefore,  not  been  extended  over  this  interval. 
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Heliocentric  Epuemeris 

3F  UrANL-S  FR0.\1  the  PRECEDINU  TltOVISIOSAL  ThEORY. 

[The  longiluiies 

arti  voiTBCled 

OF  iQnar  hoi  not  for  solar  unlatimi.] 

Date. 

Sum  of 

Approximate 

perturliatious 

proiluiicd  by 

Neptune. 

Logarithm 

GfH^iiwic 

Ho. 

pi-rtuiba- 

Longituds, 

Correction 

Latitat  8, 

Radios 

1690,  Dec. 

23 

-1-4  28.5 

4-236.1 

59  40  35,2 

—10     7.8 

1,2876828 

Dec. 

24 

-f4  28.5 

69  41   16.5 

—10     7.3 

1,2876789 

1712,  Apr! 

2 

+8  37.9 

155  24  42.6 

4-45  58.7 

1,2626650 

Apri 

3 

-1-8  37.9 

155  35  39.0 

4-45  58.8 

1.2626640 

1T15,  Mar 

4 

+r,  58.3 

4-136.3 

169  10  31.4 

4-46    2.1 

1.2623890 

Mar 

5 

-t-6  58.2 

169  11     7.7 

4-46    2.1 

1.2623893 

Mar. 

10 

-)-6  57.5 

169  15     0.0 

4-46    1.7 

1.2623911 

April  29 

4-6  51,1 

4-134.8 

169  53  42.2 

4-45  58.0 

1.2624066 

April  30 

-}-6  51.1 

169  54  28.8 

-t-45  57.9 

1.2624102 

1748,  Oct. 

21 

—0  28.9 

—  65.0 

316  13  19.3 

—41  27.6 

1.3001855 

Oct. 

22 

—0  28.8 

316  13  58.8 

—41  27,9 

1.3001875 

1760,  Sept 

13 

-1-0     6.3 

—  51.3 

323  44  14.9 

—43  47,2 

1.3013714 

Sept 

14 

-fO     6.3 

323  44  54,0 

—43  4T,3 

1.3013731 

Oct. 

14 

-HO     6.6 

—  50.8 

324     4  22.1 

—43  52.4 

1.3014165 

Oct. 

15 

-f-0     6.6 

324     5     1.0 

—43  52.5 

1.3014181 

Dec. 

3 

-1-0     8.0 

—  49.8 

324  36  49.5 

—44    0.6 

1.3014856 

Dec. 

4 

-1-0     8.0 

334  37  28,5 

-44    0.8 

1. 3014872 

1153,  Dec. 

3 

—0     5.6 

—  25.6 

336  25     0.6 

—46    1,1 

1.3025789 

Dec. 

4 

— 0     5,6 

336  25  39.3 

-46     1.2 

1.3025796 

17  5  G,  Sept 

25 

—0  49.5 

—     0.4 

347  25  34.9 

-46    9.2 

1.3039363 

Sept 

36 

—0  49.5 

347  26  13.6 

-46    9.1 

1.3029363 

1764,  Jan. 

15 

+1   24.0 

16  13  35,0 

—38  36.9 

1.3003508 

Jan. 

16 

-1-1  24.0 

16  14  14,2 

—38  36.7 

1.3003486 

1768,  Dec. 

37 

--1  33.1 

36     3  35,2 

—27  42,4 

1.2955331 

Dec. 

29 

--1  33.1 

4-106,9 

36     4  44.1 

-27  41.5 

1.2955274 

Dec. 

31 

--1   33.1 

36     6     5.0 

—27  40.7 

1.3955216 

1769,  Jan. 

15 

--1  33.5 

36  16     4,6 

—37  34.2 

1.2954753 

Jan. 

18 

+1  33.5 

36  18     4.5 

—37  33.0 

1.2954659 

Jan. 

21 

-fl  33.5 

4-106.9 

36  20     4,5 

—37  31.6 

1,2954566 

Jan. 

24 

-fl  33.5 

36  22     4,4 

—37  30,3 

1,2954476 

1781,  Jan. 

1 

1 

+3  57.46 

4-178.9 

86  36  13.23 

4-0.16 

4-11     3.63 

1.2785972 

May 

1 

3 

+3  53.41 

88     2  34,70 

-12  11.14 

1.2780883 

Aug. 

29 

3 

-1-3  48.58 

89  39     7.41 

-13  18.33 

1.2775834 

Dec. 

27 

4 

-1-3  43.09 

90  55  51,40 

--14  35.14 

1.2770827 

1782,  Apri 

36 

5 

-1-3  37.18 

4-180.4 

92  22  46.89 

--15  31.53 

1,2765870 

An?. 

24 

6 

-1-3  30.97 

93  49  53.89 

-his  37.47 

1,2760968 

Dee. 

22 

r 

-1-3  34.53 

95  17  13.51 

4-0.18 

4-17  43.88 

1.2756134 

1783,  Apri 

21 

8 

4-3  18.03 

96  44  42.73 

4-18  47,73 

1.2751345 

Aug. 

ID 

9 

+3  11.87 

4180.1 

98  13  34.96 

4-19  51,92 

1.3746633 

Dec. 

17 

10 

4-3     6.01 

99  40  19.00 

4-20  55.67 

1.2742012 

1784,  April  15 

u 

4-3     0.78 

101     8  25,13 

4-21  58.69 

1.2737412 

Ang. 

13 

12 

--3  56.24 

102  36  43.39 

4-33    0,92 

1.3733907 

Dec. 

11 

13 

--2  52,82 

4-178.6 

104     5  13.79 

4-0,23 

4-34    3.46 

1.3728469 

1785,  April  10 

U 

--2  50.58 

105  33  56.61 

4-25    3.14 

1.3724105 

Aug. 

■  8 

15 

--3  49.29 

107     2  51,36 

4-26    3.05 

1.2719806 

Dec. 

6 

16 

--2  49.35 

108  31  58.18 

4-27     1.98 

1.2715564 

1786,  Apri 

5 

17" 

--2  50.53 

4-175.5 

110     1   16.88 

-1-27  59,97 

1.2711405 

Ang. 

3 

18 

--3  53.29 

111  30  47.68 

4-28  57,02 

1,2707299 

Dec. 

1 

19 

--2  57.31 

113     0  30.11 

4-0.31 

+29  53,03 

1,2703265 

1787,   Mar. 

31 

20 

--3     3.38 

114  30  23.81 

4-30  47.92 

1.2699294 

Jiiiy 

29 

31 

--3     8.51 

4-171,0 

116     0  28.62 

4-31  41.73 

1.2695394 

Not. 

26 

23 

--^  15.48 

UT  30  44.11 

4-33  34.33 

1.2691551 
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THE    ORB!  T    OF    U  il  A  N  IT  S . 


IIeliucentric  EniEMEUis  OF  UitANOB. — Continued. 

Date. 

Sum  of 

Approximate 
perturbatious 
produced  by 

Logarilliin 

Greeiiwioli 

m. 

pertiirba- 
loua. 

Longitude. 

Correction 

Latitude. 

Radius 
vecUir. 

WeptonB, 

1T88.  Mar.   25 

23 

+3  23.02 

" 

119     1     9.79 

+33  25.72 

1.3687 7 T6 

July    23 

24 

3  31.36 

120  31  45.79 

34  15.81 

1.2684065 

Nov.    20 

25 

3  39.82 

-I-1G5.1 

122     2  31.13 

+0.28 

35    4.58 

1.2680423 

1180,  Mar.   20 

30 

3  38.67 

123  33  25.96 

35  51.99 

1.2676852 

July    IS 

27 

3  57.40 

125     4  29,49 

38  38.01 

1.2673353 

Nov.    15 

28 

4     6.97 

126  35  41.50 

37  22.50 

1.2669932 

1190,  Mar.   15 

29 

4  14.35 

+157.8 

128     7     1.70 

38    5.50 

1.2666592 

Jii!y    13 

30 

4  22.48 

129  38  29.88 

38  47.00 

1.3663336 

JN'oy.    10 

31 

4  30.00 

131  10     5.37 

+  0.25 

39  26.85 

1.3660167 

1191,  Mar.   10 

32 

4  36.95 

132  41  47.99 

40    5.04 

1.2657087 

July      8 

3:j 

4  42.95 

+149.1 

134  13  37.15 

40  41.58 

1.2654083 

Nov.     5 

31 

4  48,11 

135  45  32.62 

41  16.44 

1.2651315 

1792,  Mar.     4 

35 

4  53.33 

137  17  34,16 

41  49.53 

1.2648434 

July      2 

30 

4  56.03 

138  49  41.78 

42  20.89 

1.2645770 

Oct.    30 

37 

4  58.32 

+139.3 

140  21  64.47 

+0.46 

42  50.35 

1.2643210 

1793,  Feb.    27 

38 

4  59.50 

141  54  12.11 

43  18.00 

1.2640766 

June  27 

39 

4  59.85 

143  26  34.79 

43  43.81 

1.2638448 

Oct.    35 

40 

4  58.84 

144  59     1.64 

44    7.75 

1.2636267 

179i,   Feb.    22 

41 

4  56.80 

+123. 6 

146  31  32,77 

44  39.74 

1.2634226 

JuiiG   22 

42 

4  53,48 

148     4     T.47 

44  49.85 

1.2632327 

Oct.     20 

43 

4  49.13 

+  123.9 

149  36  45,84 

+0.47 

45    7.99 

1.2630577 

1795,   Feb.    IT 

44 

4  44.20 

151     9  27,73 

45  24.24 

June   17 

45 

4  38.00 

153  42  12.55 

45  33.44 

Oct.     15 

46 

4  31.04 

154  15     0.15 

45  50.64 

1801,  Jan.    17 

63 

+3  22.93 

179     3  50.23 

+44  34.51 

1,2627599 

Mar.    17 

63 

3  26.59 

+  57.3 

180  36  £4,94 

44  12.86 

1.2628920 

Sept.  14 

64 

3  31.06 

182     9  57.40 

43  49.24 

1.2630362 

1802,  Jan.    12 

65 

3  36.26 

183  42  57,23 

43  23.66 

1.2631922 

Mar.    13 

66 

3  41.88 

185  15  54.08 

42  56.34 

1.2633599 

Sept.     9 

67 

3  47.78 

+  43.7 

186  48  40.54 

+0.35 

42  26.97 

1.2635387 

1803,  Jan.      7 

68 

3  54.01 

188  21  35.11 

41  55.86 

1.2637281 

Mar.     7 

69 

4     0.29 

189  54  18.55 

41  22.99 

1.2639280 

Sept.    i 

70 

4     6,43 

191  26  56.80 

40  48,28 

1.2641386 

1804,  Jan.      2 

71 

4  12.95 

+  30.7 

192  59  30.15 

40  11.79 

1.2643591 

Mar.      1 

73 

4  18.74 

194  31  56.83 

39  33.63 

1.2645891 

Aug.  29 

73 

4  24.38 

196     4  17.13 

+0.14 

38  53.72 

1,2648287 

Dec.    27 

74 

4  29.34 

197  36  30.34 

38  12.21 

1,2650777 

1805,  April  2S 

15 

4  33.60 

+  18.0 

199     8  35.97 

37  29.07 

1.2653360 

Aug.  24 

76 

4  37.43 

200  40  33.91 

36  44.40 

1.2656037 

Deo.    22 

77 

4  40,11 

202   12  23.39 

35  58,15 

1.2658808 

1806,  April  21 

78 

4  41.83 

203  44     4.35 

35  10.48 

1,2661674 

Aug.  19 

79 

4  42.55 

+     5.9 

205  15  36.11 

+0.31 

34  21.34 

1.2664631 

Deo.    17 

80 

4  42.19 

206  46  58.67 

33  30,88 

1.2667689 

1807,  April  18 

81 

4  40.53 

208  18  11,39 

32  39.05 

1.2670847 

Aug.  14 

82 

4  37,43 

209  49  13.98 

31  45.96 

1.2674103 

Dee.    13 

83 

4  33.71 

—     5.0 

2U  20     6.96 

30  51.63 

1.2677459 

1808,  April  10 

84 

i  28.30 

212  50  49.02 

29  56.12 

1.2680922 

Aug.     8 

85 

4  21.63 

214  21  20.46 

+0.25 

28  59.51 

1.2684491 

Dec.      6 

86 

4  14.33 

215  51  41.72 

28    1.80 

1.2688166 

1809,  April    5 

87 

4     5,84 

~    15.4 

317  21  51.97 

27    3.03 

1.2691945 

Aug.     3 

88 

3  56,63 

218  51  51.53 

26    3.28 

1.2695829 

Dec.      1 

89 

3  47.07 

220  31  40.62 

35    2.66 

1.2699816 

1810,  Mar.   31 

90 

3  37.16 

221  51   19.10 

24    1.10 

1.2703905 

July    29 

91 

3  27.15 

—  24,3 

223  20  47.07 

+0.23 

33  58.68 

1.2708094 

Nov.    20 

92 

+3  17.53 

224  50     4.83 

+31  55.38 

1.2712377 
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THE   ORBIT   OF   rilAKUS. 


Heliocentkic  Epukmeris  of  Vrauvs.— Continued. 

hate. 

Sura  of 

pproximate 

1  unlinked  by 
Wepluue. 

1 

Lofrarillim 

GreHnwiuh 

No, 

Loa^itude, 

Correction,      Latitude. 

i 

Uadiua 

1811,  Mar.  2fi 

93 

-f3     7.99 

" 

226   19   12.04 

" 

+  30  51.62 

1.2716152 

July    24 

94 

2  59.12 

227  48     9.06 

19  46.95 

1.3121215 

Noy.  21 

95 

2  50.91 

—32.1 

229  16  55.87 

18  41.69 

1.2125760 

1812,  Mar.  20 

96 

2  43.45 

230  45  32,41 

17  35.80 

1.2730381 

July    18 

97 

2  3T.26 

332  13  59.13 

+0.11 

16  29.34 

1.2135072 

Nov.  15 

98 

2  31.98 

233  42  15.55 

15  22.36 

1.2739838 

1813,  Mar.   15 

99 

2  27,86 

—39.1 

235  10  21.88 

14  14.92 

1.2144651 

July    13 

100 

2  25.05 

236  38  18.26 

13    1.03 

1.2149507 

Nov.   10 

101 

2  22.98 

238     6     3.95 

1158.19 

1.2754409 

1814,  Mar.    10 

102 

3  22.35 

339  33  39.61 

10  50.31 

1.2159367 

July      8 

103 

2  22.54 

-44.6 

241     1     4.63 

-1-0.22 

9  41.32 

1.2164360 

Nov.     5 

104 

2  24.24 

242  28  19.59 

8  32.19 

1.2169312 

1815,  Mar.     5 

105 

2  26.58 

243  55  23.67 

7  22.86 

1.2774403 

July      3 

106 

2  30.00 

245  22  17.17 

6  13.39 

1,2719459 

Oct.    31 

107 

2  34.17 

—49.3 

246  48  59.79 

5    3.80 

1.2784533 

1816,  Feb.    28 

108 

2  39.06 

248  15  31.47 

3  54.09 

1.2789600 

June  2t 

109 

2  44.51 

349  41  52.08 

-~0.01    i       2  44.46 

1.2794688 

Oct.    25 

no 

2  50.43 

351     8     1.43 

1  34,82 

1.2799725 

1817,  Feb.    22 

111 

2  56.75 

—54.4 

253  33  59.49 

+  0  25.25 

1.2804769 

June  22 

112 

3     3.22 

253  59  46.00 

'—  0  44.19 

1.2809792 

Oct.    20 

113 

3  10.03 

255  25  21.18 

1  53.44 

1.2814788 

1813,  Feb.    17 

114 

8  16.63 

256  50  44.48 

3    2.48 

1.2819159 

June  11 

115 

3  22.96 

—54.7 

258  15  55.79 

0.00 

4  11.23 

1.2824101 

Oct.    15 

116 

3  28.90 

259  40  55.14 

5  19.73 

1.2829599 

1819,  Feb.   13 

117 

3  34.28 

261     5  42.25 

6  21.88 

1.28S4467 

June  13 

118 

3  38,77 

263  30  17.04 

1  36.52 

1.2839317 

Ott.    10 

119 

3  42.48 

—56.1 

263  54  39.42 

8  42.71 

1.2844143 

1820,  Feb.      "I 

120 

3  45.03 

265  18  49.19 

9  49.5a 

1.2848921 

June     6 

121 

3  46.37 

366  42  46.39 

—0.01 

10  55.16 

1.2853610 

Oct.      4 

122 

3  46.38 

368     6  30.67 

12    1.40 

1.2868391 

1821,  Feb.      1 

123 

3  45.07 

—56.4 

369  30     2.43 

13    6.44 

1.2863081 

June     1 

124 

3  42.35 

270  53  21.55 

14  10.88 

1.3861757 

Sept.  29 

125 

3  38.08 

272  16  27.96 

15  14.57 

1.2873402 

1822,  Jan.    27 

126 

3  33.86 

273  39  22.39 

16  17.58 

1.2877030 

May   27 

127 

3  26.13 

—56.2 

275     2     4.25 

—0.10 

17  19.84 

1.2881632 

Sept.  24 
1323,  Jan.    22 

128 

3  18.32 

276  24  34.06 

18  21.32 

1.2886214 

129 

3     9.68 

377  46  62.38 

19  22.01 

1.2890772 

May   22 

130 

3     0.24 

279     8  59.05 

20  31.89 

1.2895311 

Sept.  19 
1824,  Jan.    17 

131 

3  50.36 

—56.1 

280  30  54.82 

21  20.91 

1,2899826 

132 

2  40.10 

281  52  39.71 

22  19.10 

1.2904315 

May    16 

Sept.  13 

1825,  Jan.    11 

133 

2  29.74 

283  14  14.16 

—0.07 

23  16.40 

1.2908776 

134 

2  19.49 

284  35  38. GO 

24  12.78 

1.3913208 

135 

2     9.25 

—55.5 

285  56  52,92 

25    8.32 

1.2917606 

May    11 

Sept.     3 

1826,  Jan.      6 

136 

1  59.46 

287  17  5t.80 

26    2.71 

1.2921967 

137 

1  50.31 

283  38  53.43 

26  56.22 

1.2926290 

138 

1  41.44 

239  59  40.04 

27  48.71 

1.2980570 

May      6 
Sept.     3 

139 

1  33.58 

—54.5 

291  20  18.03 

—0.09 

38  40.26 

1.2934804 

140 

1  26.44 

292  40  47.50 

29  30,76 

1.2938981 

1827,  Jan.      1 

141 

1   20.31 

294     1     8.83 

30  20.16 

1.2943116 

May      1 
Aug.  29 

143 

1  14.89 

295  21  22.15 

31     8.60 

1.2947186 

143 

1  10.52 

—54.0 

296  41  27.72 

31  55.92 

1.2951196 

Dec.    27 

144 

1     7.23 

298     1  25.73 

32  42.14 

1.2955136 

1828,  April  25 

145 

1     4.79 

299  21  16.45 

-0.07 

33  27.24 

1.2959002 

Aug.  33 

146 

1     3.51 

300  41     0,14 

34  11.25 

1.2962790 

Dec.    21      147 

+1     3.11 

—52.9 

302     0  36.75 

—34  54.11 

1.2966496 

Hosted  by 


Google 


THR    ORBIT   OF   URANUS. 


Heliocentb 

tc  Epoemeris  op  Vra^vs.— Continued. 

Date. 

Sum  of 

Approximate 
pert  11  r  bat  ions 
produced  iiy 

Logaritlim 

Greenwich 

Ho. 

p«rliiiba- 

Longitude, 

Corraetioii. 

Latitude, 

Radius 

mean  uoon. 

lOQa. 

Neptune. 

1829,  April  20 

148 

-f-1      3.68 

" 

303  30     6.73 

—35  35.77 

1,3970111 

Aug.  18 

149 

I     5,15 

304  39  30,08 

36  16.26 

1.2973630 

Dec.    16 

150 

1     7.37 

305  58  46.96 

36  55.60 

1.2977052 

1830,  April  15 

151 

1  10.14 

—52.3 

307  17  67.34 

+0.08 

37  33.68 

1.2980368 

Aug.  U 

152 

1   13.74 

308  3Y     1,72 

38  10.56 

1.2983671 

Dec.    11 

153 

1   17.63 

309  55  59.75 

38  46.13 

1.2986661 

1831,  April  10 

154 

1  21.69 

311  14  51.68 

39  30.49 

1.2989638 

Aug.     8 

155 

1  26.06 

—52.2 

312  33  37.76 

39  53.54 

1.2992501 

Dec.      6 

156 

1  30.26 

313  62  17,74 

40  35.39 

1.2995247 

1832,  April    i 

157 

1  34.13 

315  10  51,63 

+0.05 

40  55.74 

1,2997873 

Aug.     2 

168 

1  ST. 50 

316  39  19.67 

41  24.90 

1.3000379 

Nov.  30 

159 

1  40,39 

—52.2 

317  47  41.94 

41  52.65 

1.3002768 

1833,  Mar.   30 

160 

1  43,03 

319     5  57.95 

42  19.10 

1.3005047 

July    23 

161 

1  42.86 

320  24     8.31 

42  44.17 

1.3007216 

Nov.   25 

162 

1  42.45 

321  42  12.89 

43    7.88 

1.3009280 

1834,  Mar.  25 

163 

1  40.92 

—53.5 

333     0  11.93 

+0.15 

43  30.24 

1.3011231 

July    23 

164 

1  38.01 

334  18     5.47 

43  51.18 

1.3013090 

Nov.  20 

165 

1  34.01 

325  35  53.99 

44  10.74 

1.3014851 

1835,  Mar.   30 

166 

1  38.76 

326  53  37.59 

44  38.92 

1,3016515 

July    18 

167 

1  23.19 

—53.9 

328  11  16.27 

44  45.69 

1.3018084 

Nov.    15 

168 

1   14.89 

329  38  50.92 

45     1.14 

1.3019567 

1836,  Mar.   U 

169 

1     6,50 

330  46  21,41 

+0.19 

45  15.12 

1.3030960 

July    12 

170 

0  57.31 

332     3  48,20 

45  27.71 

1.3022265 

Nov.      9 

171 

0  47.51 

—53.9 

333  21  11.76 

45  38.98 

1.3023482 

183T,   Mar.     9 

172 

0  37.37 

334  38  32.35 

45  48.84 

1.3024612 

July     T 

173 

0  26.69 

315  55  50.40 

45  57.28 

1,3025656 

Nov.     4 

174 

0  15.92 

337  13     6.16 

46     4.45 

1,3026622 

1838,  Mar.     4 

175 

-f-O     5.23 

—55.1 

338  30  20.17 

+0,17 

46  10.04 

1.3027503 

July      2 

176 

—0     5.31 

339  47  32.76 

46  14.36 

1.3038297 

Oct.    30 

177 

0  15.76 

341     4  43,81 

46  n.29 

1.3029008 

1839,  Feb.    27 

178 

0  25.58 

342  21  64,35 

46  18.83 

1.3029634 

Juae  37 

179 

0  34.83 

—56.9 

243  39     4,45 

46  19.00 

1.3030176 

Oct.     25 

180 

0  43.68 

344  56  14.08 

46  17.84 

1.3030630 

1840,  Feb.    33 

181 

0  51.43 

346  13  24,23 

+0,17 

46  15.28 

1.3030996 

June  31 

182 

0  58.36 

347  30  34,70 

46  11.29 

1.8031269 

Oct.    19 

183 

1     4.34 

—58.4 

348  47  46.09 

46     6.01 

1.3031447 

I84I,  Feb.    Ifi 

184 

1     9.47 

350     i  58.23 

45  59.-35 

1.3031528 

June   16 

185 

1  13.36 

351  22  11,79 

46  51.33 

1.3031509 

Oct.     14 

186 

1  16.11 

352  39  26.97 

45  41.91 

1.3031392 

1842,  Feb.    11 

187 

1   17.73 

—CO.  5 

353  56  43,91 

+0,15 

45  31.07 

1.3031164 

June   11 

188 

1  18,13 

355  14     2,80 

45  18,90 

1.3030817 

Oct.       9 

189 

1  17.35 

256  31   34.13 

45    5.38 

1.3030351 

1843,  Feb.      6 

190 

1   15,50 

35T  48  47.74 

44  50.50 

1.3039767 

June     6 

191 

1   12,83 

—66.7 

359     6  13.65 

44  34.22 

1.3039060 

Oct.      4 

192 

1     9.27 

0  23  42.19 

44  16.64 

1.3038228 

1844,  Feb.      1 

193 

1     4.76 

1  41  13.59 

+0.07 

43  57.59 

1.3027267 

May    31 

194 

0  59.91 

3  58  47,55 

43  37.23 

1.3026173 

SoiJt.  28 

195 

0  54.61 

—64,9 

4  16  24,34 

43  15.53 

1.8024947 

1845,  Jan.    2fi 

1% 

0  49.19 

5  34     3,83 

42  52.43 

1.3023588 

May    36 

197 

0  43.90 

6  51  46.06 

42  27.99 

1.3022095 

Sept.  33 

198 

0  38.93 

8     9  31,09 

42     3.22 

1.3030472 

1846,  Jan.    31 

199 

0  34.37 

—67,7 

9  37  19.04 

+0.15 

41  35.11 

1.3018723 

May    21 

200 

0  30.55 

10  45     9.82 

41     6.76 

1.3016851 

Sept.  18 

201 

—0  27.21 

12     3     3.39 

—40  37.01 

1.3014861 
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THE    ORBIT   OF    URANUS, 


Heliocentric  Bphkmkkis  of  Ueanus. — Continued. 

Date. 

Sum  of 

Approximate 

Logarithm 

Greenwich 

No, 

peiliirba- 
tions. 

perturbations 

produced  by 

Neptune. 

Longitude. 

CniTeotioii, 

Latitude. 

Lima 
vector. 

184T,  Jan.    Ifi 

202 

—0   25. G4 

" 

J3  21     0.27 

" 

—40     6.03 

1.3012758 

May    16 

203 

0   24.73 

—70.2 

14  39     0.21 

39  33.75 

1.3010544 

Sept.  13 

204 

0  24.95 

15  57     3.61 

39    0.23 

1.3008219 

1848,  Jan.    11 

205 

0  26.43 

17  15  10.46 

-f0.06 

38  25.40 

1.3005790 

May    10 

206 

0  28.95 

18  33  21.30 

37  49.42 

1.3003263 

Sept.     T 

207 

0  32.75 

—73.8 

19  51  36.15 

37  12.18 

1.3000640 

18i9,  Jan.      5 

208 

0  37.59 

21     9  55.34 

36  33.73 

1.2997923 

May      5 

209 

0  43.47 

22  28  19.02 

35  54.16 

1.2995115 

Sept.     2 

210 

0  50.27 

23  46  48.13 

35  13.36 

1.2992224 

Dee.    31 

211 

0  57. T4 

—75.3 

25     5  22.56 

—0.08 

34  31.47 

1.2989252 

1850,  April  30 

212 

1     6.18 

26  24     2.38 

33  48.40 

1.2986203 

Aug.  28 

213 

1  15.11 

27  42  48.39 

33    4.37 

1.2983078 

Dec.    26 

214 

1  24.38 

29     1  40.87 

32  19.06 

1.2979881 

1851,  Apiil  25 

215 

1  34.33 

—77.9 

30  20  39.78 

31  33.79 

1.2976615 

Aug.  23 

216 

1  44.28 

31  39  45.91 

30  45.46 

1.2973287 

Dec.    21 

217 

1  54.21 

32  58  59.55 

—0.09 

39  57.09 

1.2969894 

1852,  April  19 

218 

2     4.12 

34  18  20.89 

29    7.71 

1.3966436 

Aug.   17 

219 

2  13.61 

—80.5 

35  37  50.43 

28  17.33 

1.3962916 

Dec.    15 

220 

2  23.00 

36  57  28.19 

27  25.95 

1.2959338 

1853,  April  14 

221 

2  31.54 

38  17  15.06 

26  33.62 

1,2955701 

Aug.  12 

222 

2  39.58 

39  37  10.77 

25  40.35 

1.2952015 

Dec.    10 

223 

2  46.62 

—82.6 

40  57  16.17 

—0.07 

24  46.17 

1.2948270 

1854,  April    9 

224 

2  52.64 

43  17  31.26 

23  51.08 

1.2944458 

Aug.     1 

225 

2  57.77 

43  37  56.24 

23  55.08 

1.2940583 

Dec.      5 

226 

3     1.60 

44  58  31.59 

21  58.25 

1.2936645 

1855,  April    4 

227 

3     4.03 

—84.6 

46  19  17.49 

21    0.51 

1.2932645 

Aug.     2 

228 

3     5.35 

47  40  13.93 

20     1.97 

1.2928582 

Nov.   30 

229 

3     5.32 

49     1  21.26 

—0.11 

19    2.66 

1.2934449 

185G,  Mar.   29 

230 

3     3.95 

50  22  39. 5T 

18    2,55 

1.3920339 

Jnly    27 

231 

3     1.34 

— SG.l 

51  44     9.08 

17     1.67 

1.2915954 

Nov.    24 

232 

2  57.62 

53     5  49.32 

16    0.03 

1.2911592 

1857,  Mar.   24 

233 

2  52.95 

54  27  40.66 

14  57.72 

1.2907155 

July    22 

234 

2  47.58 

55  49  42.98 

13  54.71 

1.2902643 

Nov.   19 

235 

2  41.65 

—87.9 

57  11  56.10 

— O.IO 

12  51.08 

1.2898057 

1858,  Mar.    19 

236 

2  35.18 

58  34  20.16 

11  46.89 

1.2893395 

July    17 

237 

2  28.82 

59  56  54.59 

10  41.96 

1.2888659 

Not.   U 

238 

2  22.46 

61  19  39.71 

9  36.91 

1.2883853 

1859,  Mar.    U     239 

2  16.35 

—88.6 

62  42  35.14 

8  30.87 

1.2878981 

July    12 

240 

2  10.33 

64     5  41.38 

7  24.61 

1.2874049 

Nov.     g 

241 

2     5.17 

65  28  57.59 

—0.13 

6  17.90 

1.2869061 

1860,  Mar.     8 

242 

2     0.67 

66  53  24.15 

5  10.84 

1.2864023 

July      6 

243 

1  57.10 

-89.1 

68  16     0.90 

4    3.42 

1.2858941 

Nov.     3 

244 

1  54.37 

69  39  47,78 

2  55.74 

1.2853816 

1801,  Mar.     3 

245 

1  52.61 

71     3  44.98 

1  47.83 

1.2848658 

July      1 

246 

1  51.92 

72  27  53.38 

—  0  39.69 

1.2843468 

Oct.    29 

247 

1  52.43 

—89,3 

73  52  10.31 

—0.19 

+  0  28.60 

1.2838257 

1862,  Feb.    26 

248 

1  53.51 

75  16  38.24 

1  37.00 

1.2833029 

June  26 

249 

1  55.99 

76  41  16.65 

2  45.46 

1.2837788 

Oct.    24 

250 

1  59.54 

78     6     5,46 

3  63,95 

1.2822542 

1863,  Feb.    21 

251 

2     3.98 

—88.5 

79  31     4.97 

5    2.40 

1.2817290 

June  21 

252 

2     9.43 

80  56  15.07 

6  10.80 

1.2812047 

Oct.    19 

253 

2  15.63 

82  21  36.01 

—0.04 

7  19.09 

1.2806819 

1864,  Feb.    16 

254 

2  22.52 

83  47     7.95 

8  27.25 

1.2801609 

June   15 

255 

2  30.20 

— S7.2 

85  13  50.83 

9  35.22 

1.2796^21 

Oct.    13 

256 

—2  38.39 

86  38  44.83 

,+  8  42.95 

1.2791263 
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IIeliocentric  Epiiemeeis  op  URANrs. — Concluded. 

Date. 
GreeawiclL 
muan  noon. 

Ko. 

Sam  of 
perlnrba- 

ti0113. 

Approximnte 

produced  by 
Neptune. 

longitude. 

Correct  ion. 

Latitude. 

Logarithm 
Radias 

1865,  Feb.    10 

25 1 

—2  47.06 

" 

88     4  50.26 

" 

+  1152.20 

1.2786142 

Jnae  10 

258 

2   65.93 

89  31     7.17 

12  57.54 

1.2781063 

Oct.      S 

259 

3     5.01 

—85.2 

•JO  57  35.61 

—0.09 

14    4.34 

1.2776029 

1866,  Feb.      5 

260 

3  l.S.Stl 

92  24  16.00 

15  10.74 

1.2771044 

June     5 

261 

3  22.61 

93  51     8.39 

16  16.70 

1.2766112 

Oct.      3 

263 

3  30.79 

85  18  13.06 

17  22.18 

1.2761237 

186t,  Jan.    81 

263 

3  38.49 

—82.5 

96  45  29.91 

18  27.15 

1.2756419 

Ma  J    31 

264 

3  45.25 

98  12  59.44 

19  31.54 

1.2751656 

Sept.  28 

265 

3  50.% 

99  40  41.71 

—0.08 

20  35.37 

1.2746948 

1868,  Jan.    26 

266 

3  55.67 

101     8  36.54 

21  38.51 

1.2742299 

May    25 

261 

3  59.06 

—79.1 

102  36  44.31 

22  40.96  1  1.27377091 

Sept.  22 

268 

i     1.02 

104     5     5.00 

23  42.75 

1.2733175 

1869,  Jan.    20 

269 

i     1.71 

105  33  38.41 

24  43.69 

1.2728693 

May   20 

270 

i     0.81 

lOT     2  24.67 

25  43.81 

1.2724264 

Sept.  n 

271 

3  58.59 

—75.1 

108  31  23.55 

— O.U 

26  43.07 

1.2719888 

1810,  Jan.    15 

272 

3  54.96 

110     0  34.97 

27  41.44 

1.2715563 

May   15 

273 

3  50.23 

111  29  58.50 

28  38.77 

1.2711290 

Sept.  13 

274 

3  44.34 

112  59  33.91 

29  35.16 

1.2T07O70 

1871,  Jan.    10 

275 

3  37.90 

— C9.8 

114  29  20.79 

30  30.41 

1.2702903 

May   10 

276 

3  30.56 

115  59  19.11 

31  24.57 

1.2698791 

Sept.    1 

277 

3  22.61 

117  29  28.39 

—0.13 

32  17.57 

1.2694735 

1873,  Jan.      5 

2T8 

3  14.50 

118  59  48.05 

33    9.31 

1.2690738 

May     i 

279 

3     6.19 

— C4.2 

120  30  17.95 

33  59.79 

1.2686804 

Sept.    1 

280 

—2  57.65 

122     0  57.87 

+34  48.97 

1.2682934 

The  next  operation  would  be  to  interpolate  these  co-ordinates  to  intervals  of 
time  suitable  for  the  computation  of  a  geocentric  ephemeris,  to  correct  the  longi- 
tudes for  solar  nutation,  and  then  to  compute  the  geocentric  right  ascension  and 
declination.  This  operation  has  not,  however,  been  completely  carried  out  except 
for  most  of  the  observations  before  1830,  and  for  three  of  the  oppositions  observed 
since,  the  latter  being  computed  only  as  a  check  upon  the  accuracy  of  the  com- 
parisons. As  a  general  rule,  it  may  be  said  that  wherever  a  complete  geocentric 
ephemeris,  with  the  heliocentric  ephemeris  from  which  it  was  computed,  were 
available,  these  ephemoridcs  were  made  use  of  in  a  manner  which  will  be  more 
fully  described  hereafter,  while,  in  all  other  cases,  the  geocentric  places  were 
computed  directly. 

It  may  also  be  stated  here  that  Hansen's  Talks  cJii  SoWd  have  been  adopted  as 
giving  the  places  of  the  sun  to  be  used  in  computing  the  geocentric  places. 


14      May,lS73. 
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CHAPTER   VI. 

REDUCTION  OF  THE  OBSERVATIOSS  OF  URANUS,  AKD  THEIR  COMPARISON 
WITH  THE  PRECEDING  THEORY. 

The  observations  of  Uranus  naturally  divide  themselves  into  two  distinct 
classes.  (1)  The  purely  accidental  ones,  made  previous  to  the  recognition  of  the 
planet  by  Herschel  in  1781,  and  therefore  without  any  suspicion  on  the  part  of  the 
observers  that  the  object  was  not  a  fixed  star,  and  (2)  the  systematic  observations 
made  since. 

The  first  class  are  nearly  all  so  uncertain  in  comparison  with  the  second  that  I 
have  hesitated  over  the  question  of  employing  them  at  all.  If  nothing  but  a 
determination  of  the  elements  of  Uranus  were  called  for,  they  would  certainly  not 
be  worth  using,  since  these  elements  may  be  determined  with  entire  certainty 
from  the  observations  which  have  been  made  during  the  entire  revolution  of  the 
planet  since  1781.  But  the  mass  of  Neptune  is  also  to  be  determined,  and  it  is 
at  least  possible  that  these  observations,  uncertain  though  they  are,  may  add 
materially  to  the  weight  of  this  determination.  I  have,  therefore,  determined  to 
include  them  all,  re-reducing  them  when  there  seemed  to  be  good  reason  so  to  do. 

The  earliest  observations  are  those  of  Flamstead,  published  in  the  Historiae 
Ccclestis.  The  observations  themselves,  as  printed,  together  with  the  principal 
elements  for  reduction,  are  given  in  the  following  tables. 

The  first  column  of  the  table  gives  the  name  of  the  star.  The  second  gives 
the  clock  time  of  transit  over  the  wire  of  the  quadrant  as  given  by  Flamstead. 
The  time,  it  will  be  seen,  is  only  given  to  entire  seconds.  We  must,  therefore, 
expect  to  find  a  probable  error,  of  which  the  mathematical  minimum  is  0'.25, 
and  of  which  the  minimum  we  can  reasonably  expect  is  much  greater. 

Next  we  have  the  apparent  right  ascensions  of  the  stars  as  computed.  For 
these  data  I  am  indebted  to  Prof  Coffin,  Superintendent  of  the  American 
Ephemeris.  The  mean  places  are  mostly  derived  from  the  "  Star  Tables  of  the 
American  Ephemeris,"  and  from  the  UVi)  Greenwich  Seven  Year  Catalogues,  while 
the  reduction  to  apparent  place  is  made  with  the  modern  constants. 

The  fourth  column  gives  the  apparent  clock  correction  for  sidereal  time,  in  which 
is  included  the  eifect  of  deviation  of  the  instrument  from  the  meridian. 

The  clock  keeping  mean  time,  the  eiTors  are  in  the  next  column  reduced  to 
those  of  sidereal  time  at  the  moment  of  the  transit  of  Uranus. 

Tlje  next  two  columns  give  the  coiTcctions  for  clock  rate,  and  for  deviation  of 
the  instrument  from  the  meridian,  as  inferred  from  the  observations  themselves, 
both  being  referred  to  the  time  and  position  of  the  transit  of  Uranns. 
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In  the  last  column  we  have  the  seconds  of  concluded  correction  for  clock  and 
instrument  to  be  applied  to  the  observed  time  of  transit  of  Uranus. 


1690,  Beamier  23.     Bight 

Ascension, 

St.1-. 

Time  of  Tr. 

K.A.of  star. 

Clock. 

C 

E. 

Dot. 

C". 

a  Arietis, 

i  48  40 

i  49  5*2. 1 

—5  58  47.9 

5"8  29.3 

—1.1 

-l'.2 

s'i.e 

7t  Arietis, 

8  30  54 

2  32    8.4 

—5  68  45.6 

58  33.9 

—0.7 

+1.7 

32.9 

(T  Arietis, 

8  33  n 

2  34  31.0 

—5  58  46.0 

68  34.7 

—0.7 

+2.9 

32.5 

e  Arietis, 

8  40  21 

2  41  38.0 

—5  68  43.0 

58  33.0 

—0.6 

—0.2 

33.8 

^  Arietis, 

8  S2  44 

2  54     3.0 

-5  68  41.0 

58  33.0 

—0.5 

+0.5 

33.0 

J7  Tauri, 

9  27  47 

3  29  13.6 

-5  68  33.4 

58  31.1 

—0.1 

—1.3 

325 

Uranus, 

9  41  49 

A  Tauri, 

9  45     3 

3  46  31.1 

—5  68  31.9 

58  32.4 

0.0 

—0.8 

33.2 

a  Virginis, 

19     4  15 

13     8  58.2 

—5  55  16.8 

66  49.3 

a  Bootis, 

19  58  31J 

14     1  34.0 

— 6  56  57.5 

58  39.0 

Hourly  i 

rate  of  clock. 

— 0-.6 

Deviation  of  instrument  for  each  degree  of  Z.  D., 

—0.6 

Transit  of  Uranus, 

S'  41   49.0 

Correction  for  clock  and  instrument  (mean),                - 

-5   58  32.8 

Observed  R.  A.  of  tlie  planet. 

3   43  16.2 

1690,  December  23.     Declination. 

Z.  D.  observed. 

Refraction.          Declination. 

Eq.  point. 

a  Arietis, 

29°  29'  10" 

+0'  33"        21°  58  53" 

51°  28  36' 

7t  Arietis, 

35    18  56 

+0   41         16      9     4 

61    28   40 

o  Arietis, 

37   41     0 

+0   44         13    46  68 

61    28   42 

E  Arietis, 

31    23  16 

+0   36         20      4  37 

51    28   27 

^  Arietis, 

32   55  55 

+0   37         18    31  40 

51    28    12 

J7  Tauri, 

28   20  56 

+0   31         23      6  53 

51    28   19 

Uranus, 

31    52  35 

+0   36 

A  Tauri, 

30    16  56 

+0   34        21    12     3 

61    28   32 

Circle  reading  for  Uranus,  ( 

:orrected  for  refi-action. 

31°  53'  11' 

Equatorial  point  on  circle. 

51    28   30 

Declination  of  Uranus,  from  observation,                       +19    35    19 

1712,  Jj 

nil  2.     Eiijlit  Ascension. 

Uranus,           9  35 

19                1.       D,.       , 

s. 

E 

Virginis,    12    0 

19         12  47  524         +47 

33.4 

e 

Virginis,    12  14 

51         13     2  31.5         +47 

40.5 

f  Virginis,    12  32 

11         13  20     5.7         +47 

54.7 

The  discordance  of  clock  errors,  and   the  time  which  intervened  between  the 
transit  of  the  planet  and  that  of  the  first  star,  seem  to  render  an  accurate  reduction 

impossible. 
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1715,  March  4.     Right  Asceiision. 


d  Leonis, 

T. 
11  50  19 

K.  A. 
10  4*5  52.5 

— 1 

C.                   C". 
4'26.5        20.5 

Uranus, 

12  21     1 

6  Virginis,      12  49  41 

11  45  23.6 

-1 

4  17.4        21.1 

Clock  time  of  transit  of  Uranus, 

I'i  27    'i 

Correction  for  clock  and  instrument. 

—1     4  20.8 

Right  ascension  of  Uranus  from  observation, 

11  22  40.2 

nio,  March  4.     Dedinat. 

ion. 

d  Leonis, 

Z.D. 
46°  19'  40" 

K. 

+1'  0-        +6° 

Dec. 

Eq.  point. 

6'        51°  28'  46' 

Uranus, 

46    33    10 

+1    1 

6  Virginis, 

46    13   20 

+10             5 

14 

17         51    28  37 

Circle  reading  for  Uranus, 

46°  34'  11" 

Equatorial  point. 

Observed  declination  of  Uranus, 

61  28  42 
+4  64  31 

1715,  Ml, 

■c/t  5.     Rlfilit  Ascenskm. 

d  Leonis, 

T. 
li  46  24 

R.  A. 

h.      m.      B. 

10  45  52.5 

h. 
—  1 

0.                c 
0  3'i.5        2*5.5 

Uranus, 

12  22  59:: 

6  Virginis, 

13  45  49 

11  45  23.6 

-1 

0  25.4        29.1 

Transit  of  Uranus, 

12  22  6*9 

Correction  for  clock  and  instrument. 

—1     0  27.7 

Observed 

riglit  ascension 

of  Uranus, 

11  22  31.6 

The  large  apparent  clock  rate,  and  the  colons  after  the  time  of  transit,  both 
throw  doubt  on  tliis  observation. 

Declination. 
The  circle  readings  for  the  stars  are  the  same  as  on  the  day  preceding,  while 
that  for  Uranus  is  50"  less.     The  declination  is  therefore  50"  greater,  or 
+4°  55'  31". 
1715,  March  10.     Right  Ascension. 

T.  R.  A.  0.  C. 


d  Leonis, 
p'  Leonis, 
Uranus, 
h  Virginis, 


11  25  58 
11  33  28 
13  1  42 
13  25  18 


10  45  53.5 
10  53  25.1 


-0  40 
-0  40 


6.5 
2.9 


—0  39  54.4 


69.5 
6S.1 


58.3 


Clock  time  of  transit  of  Uranus, 
Correction  for  clock  and  instrument, 
Observed  righS'  ascension  of  Uranus, 


12     1  43 

—0  39  58.6 

11  21  43.4 
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Decl 

'mafion. 

Z.  D. 

B. 

Dec. 

Eq.  PL 

iZLeonis,             46°  19'  35" 

+r  1" 

8°  8'    6" 

61°  28'  42" 

^'Leonis,            47    68   35 

+1   3 

3  29  25 

51    28  63 

Uranus,                46    27      0 

+1  1 

6  Virginis,          46    13   25 

+1   0 

5  14   17 

51    28   42 

Circle  reading  for  Uranus, 

46    28     1 

Equatorial  point  on  circle, 

61    28   49 

Observed  declination  of  Uranus,  -J-S      0   48 

ni5.  April  29.     Riffht  . 


T. 

E.  A. 

C. 

C. 

h.   m.    s. 

h. 

m      B 

h.    ni.      B. 

s. 

a  Leonis, 

8    42    11 

11 

6  28.3 

+2  24  17.3 

18.7 

Uranus, 

8  50  44 

V  Virginis, 

9     6  65 

11 

31  14.1 

+2  24  19.1 

16.4 

17  Virginis, 

9  43  38 : ; 

12 

8     6.6 

+2  24  28.5 

19.8 

X  Virginis, 

11  32  48 

13 

67  47.6 

+2  24  59.6 

33.1 

The  discordance  of  the  clock  corrections  makes  a  satisfactory  determination  of 
the  right  ascension  very  difficult.  I  deem  it  best  to  reject  the  doubtful  observa- 
tion of  n  Virginis,  and  the  discordant  one  of  x  Virginis.  The  result  will  then 
be 


Observed  transit  of  U: 

ranus, 

8 

80  44 

Correction  for  clock  and  instrument, 

2 

24  17.6 

Observed  right  ascension  of  Uranus, 

11 

16     1.6 

Declination. 

z.  D. 

R. 

Dpc. 

E<i.  Pt. 

a  Leonis,       43°  62'  40" 

+0'  65"        7° 

34' 

61" 

61°  28'  26" 

Uranus,          46    46    30 

+0   69 

..  Virginis,    43    20   20 

+0   64         8 

1 

11 

61    28   25 

17  Virginis,  44    34   10 

4-0   66          6 

63 

33 

61    28   39 

X  Virginis,    60    23     5 

+1   41      —8 

66 

42 

61    28   64 

Circle  reading  for  Uranus, 

45°  46'  29" 

Mean  equatorial  point. 

61    28   38 

Observed  declination  of  Uranus,  +5    42     9 

The  next  observations  in  the  order  of  time  are  two  by  Bradley,  discovered  by 
Mr.  Hugh  Breen,  but  still  unpublished.  The  following  are  the  results  as  given 
by  Mr.  Breen  in  the  Astronomisclie  Nackrichten,  No.  1463. 

Mean  Time.  R.  A.  N.  P.  D. 

h.  ra.     s.  h.      m.        9.  °        '  " 

1748,  October  21,  7.6  18.4         21     4  37.93         107  29 

1750,  September  13,      lo'  8  57.8        21  40     0.23         104  42  33.9 
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Mr.  Breen  remarks:  "The  right  ascensions  are  very  accurate.  It  has  been 
assumed  that  the  N.  V.  D.,  on  1750,  September  13,  is  identical  with  /i  Capricorni, 
with  which  it  was  compared.  The  first  observation  was  by  the  transit  instrument, 
and  the  second  by  the  quadrant." 

No  ground  is  given  for  the  above  assumption  respecting  the  N.  P.  I),  for  the 
second  observation ;  it  may,  therefore,  be  omitted  as  valueless. 

In  the  year  1750  we  have  also  two  observations  by  Le  Monnier  at  Paris.  For 
these,  and  all  the  other  observations  by  the  same  observer,  I  shall  adopt  the  results 
given  by  Bouvard  in  the  Connaissance  d^a  Temps,  for  1821,  p.  341,  with  the  cor- 
rections indicated  by  Le  Verrier,  in  Coimaiasance  dm  Temps,  for  184:9,  pp.  125  and 
126.  The  necessary  uncertainty  of  the  observations  is  such  that,  considering  that 
Bouvard  reduced  them  with  the  star  positions  of  the  "  Fundamenta,"  scarcely 
anything  will  be  gained  by  a  new  reduction. 

1753,  December  3,  we  have  another  observation  of  right  ascension  by  Bradley. 
I  adopt  the  result  kindly  communicated  by  my  distinguished  friend,  Dr.  Auwers. 


1753,  December  3,         5  33. 


R.  A.  =  22  23  21.59 


1756,  September  25,     Observation  by  Mayer,  at  Gottingen. 
given  by  Bessel,  in  Fundamenta  Astroiiomite,  p.  284. 


I  adopt  the  result 


1756,  September  25,         10  12. 


R.  A.  ^  348  0  54.5 
Dec.  =—6  1  49.4 


The  following  is  a  tabular  snmmaiy  of  the  preceding  results,  with  their  com- 
parison with  the  provisional  theory.  In  the  computation  of  the  geocentric  place 
the  places  of  the  sun  were  derived  from  Hansen's  Tables.  I  am  indebted  to  Pro- 
fessor Coffin  for  a  duplicate  computation  of  the  geocentric  places  from  the  pro- 
visional ephemeris,  which  was  executed  by  Mr.  Joseph  A.  ] 


Date. 

KisUt  Ascension. 

Declination. 

Correction  to  theory. 

^ 

P. 

dl 

'dl 

.S 

^ 

ei 

69 

h    m       S 

J, 

0        /        " 

>, 

" 

/. 

" 

16!>0,  Dec.  23 

3  43  16.2 

14.7 

+19   35  19 

7 

+22 

+13 

--24 

1.04 

+.027 

ni5,  Mar.    4  ill  22  40.3 

HX.t 

4  54  31 

4H 

+22 

—17 

--28 

1.06 

0 

Mar.    5  11  22  31.5 

2il.l 

4  55  21 

4H 

+36 

—33 

--44 

1.06 

0 

Mar.  10  111  21  43.4 

41.0 

5     048 

56 

+36 

—  8 

+36 

1.06 

0 

Apr.  29 

U  15     1.6 

15 

4   5  42    9 

11 

+  1 

—  2 

+  3 

1.04 

+.036 

1148,  Oct.  31 

21     4  3T.9S 

35.421      

+3T.6 

+39.3 

1.015 

+.050 

n50,Sept.l3 

21  40     0.23 

57.90 

+35.0 

+35.7 

1.05 

+.022 

Oct.  14 

324  15  34.6 

:47.6 

—15     1  40.4 

47.0 

+37.0 

+  6.6 

+35.9 

1.03 

+.045 
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Date. 

Riglit  Asceusiou. 

Detliuatiou. 

Correctioii  to  tlieorj-. 

ObaervatioQ. 

^ 

Observation. 

b 

R.  A. 

Dec. 

Loug. 

ei 

di 

H 

1 

dx 

dp 

1750,  l>ec.    3  32i  34  63.6 

1  h    m       s 
1163,  Doc.    3  22  23  21.60 

15,4 

—14   53  20.2 

32.4 

+38.1 

+  12.2 

+3S.8 

0.98 

+.047 

19.34 

-1-33,8 

+35,6 

1.00 

+  ,048 

1756,  Sept.25 

348      0  54.5 

25.0 

—  6     1  49.4 

46.0 

+29.5 

—3.4 

+  25.7 

1,05 

+.013 

1764,  Jan.  15 

12  37  39.0 

56.4 

+  4  43  47.2 

56.2 

(-17.4) 

(—9,0) 

1768,  Dec.  27 

31  26  52.0 

32.6 

■  12  1.^  35.0 

30.6 

+19.4 

+4.4) 
—0.5 

Dec.  30 

31  26  45.8 

38.0 

12  14  55,4 

55.9 

+  7.8 

+13.0 

1,02 

+,045 

1769,  Jan.  15 

31   22     7.7 

:55.8 

12  14  26.0: 

29.7 

+11.9: 

—3.7: 

Jan.  16 

31  23  23.4 

11.1 

12  14  36.3 

37,0 

+12.3 

—0,7 

Jan.  20 

31  24     6.6 

:43.7 

12  15  19.0 

18,8 

+22.9: 

+0,3 

+12.5 

1,01 

+  .049 

Jan.  31 

31  24  33.8 

14.1 

13  15  31.8 

30.8 

--19,7 

+1.0  ■ 

Jan.  22 

31  25     4.7 

:47.7 

13  15  45.7 

44,7 

--17.0: 

+  1.1) 

Jan.  23 

31  25  28.5 

24.2 

12  IG    7.5 

59.6 

--  4.3: 

+7.9 

Where  no  declination  has  been  observed  the  observed  corrections  in  right  ascen- 
sion have  been  changed  to  corrections  in  longitude  on  the  hypothesis  tliat  the 
theoretical  latitude  is  correct.     The  approximate  formula  is 

t,       ^a  cos  ^      , 
cl  =     .     Ti-j  where 
sm  i 

cos  £=  sill  E  cos  a,  e  being  the  obliquity. 

DISCUSSION"  OF  THE  MODERN  OBSERVATIOiS'S. 
Reduction  of  iJie  Published  Results  of  Observations  to  a  Uniform  System. 
We  have  now  to  discuss  the  great  mass  of  observations  made  at  the  principal 
observatories  of  the  world  since  the  discovery  of  the  planet  by  Herschel,  in  1781. 
To  make  all  the  data  of  reduction  rigorously  homogeneous  and  uniform,  it  would 
be  necessary  to  completely  re-reduce  the  greater  part  of  the  observations  made 
before  1850,  using  the  modern  values  of  the  constants  of  reduction,  and  to  com- 
])aTe  each  observation  separately  with  the  geocentric  place  deduced  from  the  pro- 
visional theory.  Such  a  reduction  and  comparison  would  be  extremely  desirable. 
Their  execution  would,  however,  involve  an  amount  of  labor  far  greater  than  it  is 
now  possible  for  the  author  to  bestow  upon  the  problem.  We  must,  therefore, 
adopt  the  reductions  which  have  been  already  made,  applying  such  systematic 
corrections  for  reduction  to  a  uniform  system  of  star  places  as  we  have  the  means 
readily  to  determine.  No  reduced  places  are  employed  unless  we  can  find  data 
for  some  more  or  less  accurate  determination  of  these  corrections,  a  rule  which 
necessitates  the  rejection  of  a  great  mass  of  observations  made  at  the  minor  obser- 
vatories of  the  European  continent,  and  published  in  the  Astronomischen  Nach- 
richien.     We  still  have  the  following  rich  collection  of  materials  at  our  disposal : 
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1.  Observations  at  Greenwich,  1781  to  1872. 

2 Paris,  1802  to  1827,  and  1837  to  1869. 

3 Konigsberg,  1813  to  1835. 

4 Vienna,  1822,  and  1827  to  1839. 

5 Speier,  1827-29. 

6 Cambridge,  1828  to  1842. 

7 Edinburgh,  1836  to  1844. 

8 Berlin,  1838  to  1842. 

9 PuUtowa,  1841  and  1842. 

10 Washington,  1861  to  1872. 

11 Leiden,  1863  to  1871. 

12 Santiago,  1854  and  1855. 

As  to  the  general  distribution  of  these  observations  in  time,  we  may  remark 
that  during  the  first  three  or  four  years  the  planet  was  zealously  observed  at 
Greenwich.  Observations  then  began  gradually  to  fall  off  until  1798,  in  which 
year  we  find  but  one.  From  this  time  until  1814  only  one  or  two  observations 
wore  made  at  each  opposition.  They  become  a  little  more  numerous,  until  1829, 
when  there  is  a  sudden  increase.  Few  interruptions  have  occurred  since.  With 
regard  to  the  other  observatories  it  may  be  said  that  from  1802  until  1830  there  is 
a  gradual  increase  in  the  number  of  observations,  and  that  since  the  latter  year 
the  number  of  observations  is  entirely  satisfactory, 

A  great  number  of  the  observations  were  reduced  with  the  star  places  of  the 
Tabulce  liegiom(mtan<e,  and  the  entire  Paris  series  are  reduced  with  the  star 
positions  of  Le  Verrier,  given  in  his  ^'Annates  de  V Observaioire  Imperial  de  Pans," 
Tome  II.  As  a  preliminary  to  the  discussion  of  the  systematic  corrections  to  the 
principal  published  reductions,  I  have  prepared  the  following  tabic,  showing  the 
corrections  which  must  be  applied  to  the  places  of  the  equatorial  fundamental 
stars  in  the  above  catalogues  to  reduce  them  to  the  adopted  standard,  namely,  Dr. 
Gould's  coast  survey  list  in  right  ascension,  and  Auwcrs'  standard  in  declination. 

In  the  table  of  right  ascensions  the  first  column  after  name  of  the  star  gives  the 
annual  variation  of  that  co-ordinate  for  the  epoch  1860.0,  as  derived  from  Le 
Verrier's  tables  of  right  ascensions  just  cited.  Next  we  have  the  correction  to  this 
annual  variation,  expressed  in  units  of  the  fourth  place  of  decimals,  to  reduce  it  to 
that  given  in  the  "  Star  Tables  of  the  American  Ephemeria,"  the  positions  in  which 
are  founded  on  Dr.  Gould's  Catalogue.  The  fourth  column  gives  the  correction  to 
the  right  ascensions  of  Le  Verrier  for  1860,  in  hundredths  of  a  second  of  time. 
Subtracting  from  this  column  sixth-tenths  of  the  preceding,  we  have  the  corre^ 
spending  corrections  for  1800.  The  last  four  columns  give  the  corresponding  num- 
bers for  the  right  ascensions  of  the  Tabulce  Segiomontance. 

The  table  of  declinations  shows,  for  different  epochs,  the  corrections  necessary  to 
reduce  the  tabular  positions  to  those  given  by  Auwcrs  in  his  paper  on  the  declina- 
tions of  the  fundamental  stars 
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I 

Right  Ascensions. 

Corrections 

g 

Cotrettioiis  to 

Date. 

r.e  Verrier's 
18  BO. 

Ann.  Tar.  of 

Tab.  Reg. 

IStiU. 

Ann.  var. 

B.  A. 

18U0. 

R.  A. 

1800. 

Auu.  var. 

B.  A. 

18G0. 

R.  A. 

1800. 

a  Andromedre, 

4-3.0844 

+    U 

+   2 

—  e 

3.0840 

+13 

+  8 

—  3 

y  Pegasi, 

3.0801 

+  15 

+  3 

—  6 

3.0824 

~  8 

—  9 

—  4 

a  Arietis, 

3.3644 

+    12 

0 

—  1 

3.3636 

+  20 

+  6 

—  6 

*  Coti, 

3.1266 

+   10 

+  5 

—  1 

3.1267 

+  9 

+  7 

+  2 

a  Tauri, 

3.4346 

__   1 

-  1 

0 

3.4335 

+10 

+  ' 

+  1 

p  OrioQis, 

2.8t9t 

+     6 

+  2 

--  3 

2.8800 

+  3 

+  5 

+  3 

A  Tanri, 

3.7871 

—     4 

+   1 

+  3 

3. 7888 

—21 

—  4 

+  9 

«  Ononis, 

3.2460 

+     5 

+   * 

+  1 

3.2464 

+  1 

+  3 

+  2 

a  Geminorum, 

3.8409 

—     2 

0 

+  1 

3.8386 

+21 

+  18 

+  5 

>  Canis  Min, 

3.1462 

+     5 

+  9 

+  6 

3.1455 

+  13 

+  ' 

0 

)J  Geminorum, 

3.6828 

+     6 

+  3 

0 

3.6807 

+26 

+13 

~  3 

a  Hydrffi. 

2.9485 

+   13 

+  6 

~  1 

2.9469 

+28 

+  16 

—  1 

a  Leonis, 

3.2030 

+  15 

+  6 

—  3 

3.2014 

+81 

+13 

—  6 

fi  Leonia, 

3.0654 

+   11 

+  < 

—  3 

3.0640 

+25 

+12 

—  3 

o  YirgJDis, 

3.1495 

+  20 

+  5 

—  1 

3.1497 

+18 

+  2 

—  9 

a  Bootis, 

2.7335 

+  16 

+  3 

—  T 

3.7327 

+14 

+  5 

—  3 

a'  Librs, 

3.3044 

+    6 

+  3 

—  1 

3.3074 

—24 

—  6 

+  8 

a  Coroaffi' 

2.6378 

+  12 

+  1 

—  G 

2.5373 

+1' 

+  5 

—  5 

a  Serpen tis, 

2.9488 

+     8 

+  4 

—  1 

2.9513 

—17 

—  7 

+  3 

a  Scorpii, 

3.6654 

+  16 

+  4 

—  6 

3.6672 

—  2 

—  4 

—  3 

a  Herculis, 

2.7322 

+     ' 

+  2 

—  2 

2.7319 

+  9 

0 

—  5 

a  Opbiuchi, 

3.7808 

+  10 

0 

—  6 

2.7783 

+34 

+15 

—  6 

.  Lyr*, 

2.0312 

+     2 

—  1 

—  2 

2.0305 

+  9 

+  1 

—  4 

y  Aquilse, 

2.8520 

+     9 

+  2 

—  3 

2.8546 

—17 

—  8 

+  3 

a  Aqnilffi, 

2.9281 

+     * 

+  1 

—  1 

2.9281 

+  4 

_  3 

—  5 

|3  Aquiise, 

2.9466 

+     5 

+  3 

0 

2.9496 

—25 

—13 

+  3 

a'  Capriconii, 

3,3338 

+     * 

+  3 

0 

3.3349 

—  7 

—  6 

—  2 

a  Aquarii, 

3.0829 

+  13 

+  i 

—  4 

3.0822 

+20 

+  4 

—  8 

a  Piscis  Aust. 

3.3311 

+     8 

+  4 

—  1 

3.3326 

—  7 

—16 

—12 

a  Pegasi, 

2.9828 

+  11 

0 

—  t 

2.9830 

+  9 

—  1 

—  6 

Sum, 

+254 

+81 

—12 

+210 

+!1 

—55 

Mean, 

+8.5 

'    +.027 

—.024 

+7.0 

+.024 

— 018 

15      Kay,  1873. 
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II. 

Declinations. 

to  Le  Verrier. 

nso. 

ISOO. 

1820. 

1840. 

1820. 

1840. 

a  AndromedEe, 

+0.3 

+0.2 

+0.1 

0.0 

+0.2 

0.0 

y  Pcgasi, 

—0.2 

+0.1 

+0.4 

+0.8 

+0.1 

+0.3 

o  Arietia, 

—0.3 

0.0 

+0.3 

+0.5 

+0.2 

+0.3 

a  Ceti, 

—1.0 

—0.1 

+0.7 

+  1.6 

+0.1 

+0.7 

«  Tauri, 

0.0 

+0.1 

+0.1 

+0.2 

+0.1 

0.0 

J3  Orionis, 

— O.-fs 

+0.1 

+0.6 

+1.2 

+0.3 

+0.7 

9  Tauri, 

—0.5 

0.0 

+0.6 

+  1.1 

+0.2 

+0.5 

a  Orionis, 

—1.2 

—0.0 

0.0 

+0.6 

—0.2 

+0.3 

>  Gcminorum, 

—0.8 

—0.5 

—0.1 

+0.3 

+  0.5 

+1.0 

n  Canis  Min. 

—0.2 

0.0 

+0.3 

+0.6 

+0.2 

+0.6 

J3  Geminoram, 

—0.2 

0.0 

+0.3 

+0.6 

+0.2 

+0.6 

o  Hjdrie, 

—0.2 

+0.3 

+0.7 

+1.2 

+0.3 

+0.7 

a  Leonis, 

+0.3 

+0.4 

+0.4 

+0.5 

+0.4 

+0.5 

?  Leonis, 

+0.2 

+0.2 

+0.2 

+0.3 

+0.2 

+0.3 

.  Virgioi., 

+0.2 

+0.6 

+1.1 

+1.5 

+0.5 

+0.8 

a  Bootis, 

+0.4 

+0.4 

+0.3 

+0.2 

+0.4 

+0.4 

a'  Libras, 

+0.5 

+0.5 

+0.6 

+0.6 

+0.5 

+0.6 

a  CoronEB, 

+0.7 

+0.6 

+0.4 

+0.3 

+0.4 

+0.4 

a  Serpentis, 

+0.2 

+0.6 

+  1.1 

+1.5 

+0.5 

+0.9 

a  Scorpil, 

+0.1 

+0.6 

+1.0 

+1.4 

+0.4 

+0.7 

a  Hercuiis, 

+0.6 

+0.8 

+1.0 

+1.3 

+0.5 

+0.7 

*  OphiQcbi, 

+0.4 

+0.5 

+0.5 

+0.6 

+0.4 

+0.6 

»  Lyrffi, 

+0.1 

+0.8 

+0.9 

+1.0 

+0.4 

+  0.4 

,  Aciniln, 

0.0 

+0.S 

+0.6 

+1.0 

+0.2 

+0.4 

.  AquilB, 

+0.1 

+0.4 

+0.1 

+1.0 

+0.1 

+0.4 

j3  Aquilie, 

+0.1 

+0.S 

+1.2 

+  1.7 

+0.5 

+0.8 

o=  Capricouii, 

+0.2 

+0.9 

+1.6 

+2.3 

+0.6 

+1.1 

a  Aquarii, 

—0.5 

+0.1 

+0.8 

+1.6 

+0.5 

+  1.0 

a  Piscis  Aust. 

+1.0 

+2.4 

+3.9 

+5.3 

+1.7 

+2.3 

i.  Pegasi, 

+0.4 

+0.3 

+0.2 

+0.1 

+0.3 

+0.2 

Mean 

+0.03 

+0.36 

+0.69 

+1.03 

+0.36 

+0.60 
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The  correction  to  the  reductions  to  apparent  place  given  in  the  Tabulfe  Regio- 
montanx  on  account  of  the  correction  to  the  constant  of  Nutation  is; — 

In  right  ascension: 
— 0".46  sin  Si  —  0".l8  sin  £i  sin  a  tan  S  —  0".24  sin  Q  cos  a  tan  ^. 

In  declination: 
— 0"18  sin  a  cos  a  -|-  0.24  cos  Q  sin  a. 

The  terms  which  contain  tan  5  as  a  factor  may  be  entirely  neglected,  as  they  are 
small,  periodic,  and  contain  tan  S  as  a  factor  which  is  sometimes  positive  and 
sometimes  negative.  I  shall  also  neglect  the  corrections  in  declination,  as  their 
sum  is  sensibly 

0".21  sin  (a  —  Q,) 

the  effect  of  which  will  generally  be  confounded  with  the  accidental  errors  of 
observation. 

The  only  correction  we  shall  apply  on  account  of  nutation  is,  therefore, 

Aa  =  — 0\030  sin  fl. 

The  values  of  this  expression  at  the  dates  when  it  is  zero,  a  maximum,  or  a 
minimum,  are  as  follows: — 


1778.5 

—.03 

1820.3 

.00 

1783.1 

.00 

1825.0 

+.03 

1787.7 

+.03 

1829.6 

.00 

1792.4 

.00 

1834.3 

—.03 

1797.0 

-.03 

1838.9 

.00 

1801.7 

.00 

1843.6 

+.03 

1806.3 

+.03 

1848.2 

.00 

1811.0 

.00 

1852.9 

—.03 

1815.6 

—.03 

1857.5 

.00 

1820.3 

.00 

Having  adopted  this  system  pf  standard  positions,  we  may  adopt  two  ways  of 
reducing  the  observations  to  it.  One  is  to  compare  the  positions  of  the  stars 
adopted  in  the  published  reductions  with  the  standard,  and  apply  the  mean  differ- 
ence to  the  rediiced  place  of  the  planet.  Another  is  to  make  a  similar  com- 
parison of  the  standard  catalogue  with  the  positions  of  the  fundamental  stars 
which  have  been  deduced  from  the  observations  by  a  system  of  reduction  uniform 
with  that  employed  in  reducing  the  observations  of  the  planet,  and  to  regard  the 
mean  difference  as  a  correction  applicable  to  all  the  positions  of  the  planet.  If 
the  standard  catalogue  and  the  observations  are  both  free  from  systematic  error, 
the  results  obtamed  in  these  two  ways  should  be  substantially  identical.  These 
are,  however,  conditions  which  we  cannot  expect  to  find  fulfilled.  In  the  follow- 
ing discussions  I  have  sometimes  used  one,  sometimes  the  other,  and  sometimes 
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combined  both,  the  choice  being  determined  by  circumstances.  We  shall  con- 
sider the  dift'erent  series  of  observations  in  succession. 

Greenwich  Oheervations  from  1781  to  1830. 
These  observations  are  completely  reduced  by  Airy  and  compared  with  Bou- 
vard's  Tables,  in  the  work  Keduction  of  the  Observations  of  Planets  made  at  the 
Royal  Ohservatory,  Greenwich,  from  1750  to  1830.  London,  1845.  The  con- 
cluded positions  given  in  this  work  depend  mainly  on  the  star  places  of  the 
Tabulfc  Eegiomontanse,  both  in  right  ascension  and  declination.  If  we  consider 
the  first  four  oppositions — 1781-1785 — as  forming  a  single  group  of  which  the 
mean  epoch  is  1783,  we  find  that  the  general  correction  to  the  Tabulee  Regio- 
montanse  for  this  epoch  is 

In  right  ascension,     — 0\030 ; 

In  declination,  -|-0".08. 

If,  on  the  other  hand,  we  consider  only  the  particular  stars  compared  with  Uranus, 
the  result  will  be  a  little  diiferent.  The  number  of  times  each  of  the  fundamental 
stars  has  been  compared  with  Uranus,  and  the  correction  in  right  ascension  cor- 
responding to  each  star,  are  nearly  as  follows: — 

a  Arietis,  N=  2         Cor.  =  —0.09         N  yc  C  =  —   .18 

aTauri,  2  —.01  —  .02 

y  Pegasi,  2  —.03  —  .06 

^Tauri,  19  +.13  +2.47 

a  Orionis,  33  +.02  +0.66 

a.  Canis  Minoris,  33  —.02  —0.66 

^  Geminorum,  34  —.07  —2.38 

a  Leonis,  7  — .11  —  .77 

(i  Leonis,  2  —.07  —  .14 

The  mean  correction  from  these  data  comes  out  — 0\008,  differing  by  0'.022  from 
the  general  mean  correction.  Our  choice  between  the  two  corrections  depends 
on  whether  we  are  to  consider  the  relative  positions  of  the  Tabulse  Regiomontanie, 
or  those  of  the  standard  catalogue,  as  nearest  the  truth  at  the  epoch  1783,  and 
particularly  upon  whether  we  are  to  consider  the  large  correction  to  the  proper 
motion  of  (3  Tauri  as  real.  In  the  absence  of  exact  data  for  settling  this  ques- 
tion, the  mean  of  the  two  results,  or  — 0'.020,  has  been  adopted. 

A  similar  anomaly  is  exhibited  by  the  declinations.  It  is  probable  that  the 
declinations  of  Uranus  during  this  period  mainly  depend  on  stars  in  the  first 
twelve  hours  in  right  ascension,  for  which  the  mean  correction  is  about  — 0".30 
instead  of  +0".O8.  I  have  adopted  — 0".16.  Changing  these  corrections  to  lon- 
gitude and  latitude,  we  have,  during  the  period  1781-1786:  — 
Correction  to  observed  longitude,  =  — 0".30  ; 
Correction  to  observed  latitude,  — 0  .19. 
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During  the  years  1788-1798  the  above  systematic  difference  in  right  ascension 
does  not  appear.     The  most  probable  correction  seems  to  be 

Aa  =  —  0".025 ;  AS  =  0".00. 

Whence  A  long.  :^  — 0".  34;  A  lat.  =  —  0".10. 

Between  the  years  1800  and  1823  the  stars  used  for  comparison  are  so  widely 
scattered  that  I  consider  it  safe  to  apply  only  the  general  mean  correction  for  the 
epoch  1813,  which  is 

Aa  —  —  \005;  A^  =  +0".66. 

Whence  A  long.  —  0".00;  A  lat.  =  -|-0  .66. 

From  1825  to  1830  more  than  half  the  weight  of  the  right  ascension  comes 
upon  the  stars  a,  (i,  and  y  Aqnilse,  the  mean  correction  to  which,  during  this 
interval,  is  — 0'.035.  The  general  mean  correction  at  this  epoch  is  -f  0'.002.  I 
think  the  right  ascensions  of  these  three  stars  in  the  Tabulse  Regiomontange  are 
really,  too  great  at  this  epoch  by  the  entire  difference  of  these  results.  We  may, 
in  fact,  hereafter  regard  the  positions  of  the  standard  catalogue  as  sufficiently 
accurate.     The  mean  con-ections  to  be  applied  will  then  be 

Aa  =  _0\017;  A^  =  +0".83. 

Whence  A  long.  ^  — 0".05  ;  A  lat.  =  -|-0".86. 

From  the  year  1831  until  the  present  time  the  Greenwich  observations  are  regu- 
larly reduced  in  the  several  annual  volumes  of  observations.  But  a  reduction  of 
the  observations  from  1831  to  1835,  executed  by  Mr.  Hugh  Breen,  is  given  in  an 
appendix  to  the  volume  for  the  year  1864,  The  results  here  given  differ  from 
those  published  by  Pond  in  the  several  annual  volumes  for  the  same  interval.  The 
right  ascensions  are  altered  only  by  applying  the  constant  correction  — 0°.030, 
which  is  found  necessary  to  reduce  Pond's  right  ascensions  to  those  of  the  Tabulee 
Eegiomontanse.  This  correction  I  have  verified.  The  mean  correction  to  reduce 
the  right  ascensions  of  the  Tabulfe  Kegiomontante  to  our  standard  is  at  this  time 
-|-0\005.  On  the  other  hand,  when  we  compare  the  concluded  right  ascensions 
of  stars  within  six  hoiirs  of  Uranus,  as  given  by  Pond  in  the  Greenwich  observa- 
tions for  1834,  with  our  standard,  wo  find  a  mean  correction  of  — ',034  to  reduce 
his  positions  to  the  standard,  which  implies  a  correction  — ".004  to  Breen's  reduc- 
tion. The  two  results  being  -|-".005  and  — ',004,  I  have  applied  no  correction 
whatever. 

In  the  paper  in  question  the  declinations  are  completely  re-reduced,  using  im- 
proved data  of  reduction,  but,  so  far  as  I  see,  making  no  changes  in  Pond's 
method.  The  results  differ  strikingly  from  those  of  Pond,  and  suggest  the 
desirableness  of  a  complete  re-examination  of  all  Pond's  determinations  of  decli- 
nation. Having  no  catalogue  of  observed  declinations  of  standard  stars  reduced 
in  this  same  way,  we  cannot  directly  determine  the  systematic  correction  to  the 
declinations.  I  therefore  proceed  as  follows:  A  comparison  of  Pond's  observed 
declinations  of  standard  stars  with  Auwers'  normal  catalogue  show  that  the  former 
require  the  following  corrections'  near  the  parallel  of  Uranus ; 
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In  1831  —  1".42; 
1834  —  2  .10. 


Then  comparing  Airy's  reduced  declinations  of  Uranus  with  Pond's,  we  find  the 
following  mean  differences: 

In  1831,  Airy  —  Pond  —  —  3".18 
1834,  —  3  .50. 

To  reduce  Airy  to  Auwcrs  we  must  there  apply  to  the  declinations 
In  1831  +  1".76 
1834  +  1.40. 
I  have  regarded  the  correction  -{-  1".60  as  applicable  throughout  the  period  in 
question. 

183G-72. 
During  this  interval  the  corrections  in  right  ascension  have  been  derived  by  the 
following  two  sets  of  comparisons:  (1)  A  comparison  of  the  several  collected  six 
and  seven  year  catalogues  with  Gould's  standard,  from  which  it  appears  that  they 
require  the  following  general  corrections  in  right  ascension : 

Six  year  catalogue  of  1840  +  O'MI 

Six  year  catalogue  of  1845  +  0  .003 

Seven  year  catalogue  of  1860  -|-  0  .003 

Seven  year  catalogue  of  1864  -|-  0  .023 

(2)  A  comparison  of  the  corrections  applied  to  the  right  ascensions  of  the  indi- 
vidual years  to  reduce  them  to  the  standard  of  the  catalogue,  as  given  in  the 
introduction  to  each  catalogue.  The  sum  of  these  two  numbers  gives  the  correc- 
tions for  each  year. 

A  slightly  different  method  is  to  regard  the  above  correction  for  each  catalogue 
as  appHcable  to  all  right  ascensions  which  depend  fundamentally  upon  that  cata- 
logue. I  have  sometimes  combined  both  methods  so  as  to  derive  what  seemed  to 
be  the  most  probable  result,  and  sometimes  used  but  one. 

The  corrections  to  the  declinations  during  the  interval  in  question  have  been 
derived  from  Auwers'  "  Ta/eln  zur  Reduction  der  Declinationen  verscJiiedener 
Sfernverzeichnisse  auf  ein  Fundament ilsystem"  Asironomisclie  Nadirickten,  No. 
1536.  These  tables  include  the  Greenwich  seven  year  catalogue  for  1860,  when 
the  correction  corresponding  to  the  declination  of  Uranus  is  about  -[-0".45.  The 
corrections  for  the  previous  catalogues  vary  between  0".3o  and  0".68.  The  cor- 
rection corresponding  to  the  interval  1861-67  has  been  derived  by  a  direct  com- 
parison with  Auwers'  declinations,  and  the  result  is  -J-  0".44,  agreeing  with  the 
two  preceding  catalogues.  But,  on  making  a  similar  comparison  with  the  annual 
catalogue  for  1869,.  a  considerable  change  was  found,  the  correction  being  —  O'.IT, 
a  change  of  more  than  half  a  second.  I  shall  use  this  correction  for  and  after  the 
beginning  of  1S68,  as  the  change  is  piobably  due  to  the  introduction  of  a  new 
constant  of  refraction  in  the  reduction  of  the  observations  for  1868  and  subse- 
quent years. 


Hosted  by 


Google 


THE   ORBIT   OF   URANUS.  ug 

Camhridge. 
An  extended  series  of  planetary  observations  was  commenced  here  by  Professor 
Airy,  in  1827.  The  series  was  continued  by  hira  and  Professor  Challis,  his  suc- 
cessor, until  1842.  During  the  first  three  or  four  years  the  combined  right  ascen- 
sions depend  on  a  few  special  stars,  and  mainly  on  a^  Capricomi.  Taking  the 
mean  correction  to  the  adopted  right  ascensions  of  the  stars  actually  compared  as 
they  are  given  in  the  introduction  to  each  annual  volume,  giving  to  each  star  a 
weight  proportional  to  the  number  of  comparisons,  the  following  corrections  are 
deduced : 

1828  —  OMO 

1829-31      —0.16 
1832-37     —0.19. 
In  the  introduction  to  the  vohime  for  1838  it  is  stated  that  the  adopted  right 
ascensions  are  diminished  by  the  average  amount  of  0\083,  which  would  still 
leave  a  correction  of  —  0M07.     Actual  comparisons  in  two  subsec[uent  years  give 
1840,  Aa  =  — 0'.087 
1842,  —  0  .069. 

Although  the  positions  deduced  from  each  year's  work  were  adopted  for  clock 
correction  the  year  following,  without  any  change  of  equinox,  it  seems  that  there 
was,  efi'ectively,  a  progressive  change  of  about  O'.Ol  annually  in  the  equinox  as 
adopted. 

No  declinations  were  observed  until  1830.  On  comparing  the  declinations 
deduced  from  several  years'  work  with  Auwers,  it  was  evident  that  the  correction 
increased  with  the  polar  distance  of  the  star.  The  law  of  increase  could  be  well 
enough  represented  by  supposing  the  correction  proportional  to  N.  P.  U.  Thus  the 
following  corrections  were  deduced  in  three  difierent  years. 

,^,,       (  ,                 r.78xN.P.D.  in  degrees 
1834,     b  dec.  = ^^^ 

1".00  X  N.P.D.  in  degrees 
1840, 100  ~" 

1".03  X  N.P.  D.  in  degrees 


1842, 


100 


From  which  the  coiTcction  for  other  years  was  deduced  by  interpolation.  But, 
on  applying  these  corrections,  the  results  were  found  systematically  different  from 
those  of  other  observatories,  and  on  referring  to  Auwers'  corrections  to  Airy's 
Cambridge  Catalogue,  it  appeared  that  the  mural  circle  required  a  large  correction 
near  the  declination  of  Uranus  during  this  period.  The  above  results  were  there- 
fore altered  so  as  to  conform  as  nearly  as  practicable  to  Auwers'  law. 

E'linlmrgh. 
In  reducing  the  observations  pf  1836  Henderson  uses  the  right  ascensions  of 
the  Tabute  Kegiomontana?,  to  which  the  general  correction  is  at  this  epoch  -|-'.007. 
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But,  if  we  take  only  the  stars  near  Uranus,  with  which  the  latter  was  necessarily 
most  frequently  compared,  the  corrections  will  be  negative.  Comparing  the  con- 
cluded positions  of  the  stars  from  a  Serpentis  through  0''  to  ^  Orioais,  we  find  the 
following  mean  corrections ; 

In  right  ascension,  — 0\012;  in  declination,  —  0".09. 
In  subsequent  years  it  is  stated  that  the  adopted  positions  of  clock  stars  used 
each  year  are  derived  from  the  right  ascensions  observed  at  Greenwich,  Cam- 
bridge, and  Edinburgh,  during  the  year  or  the  two  years  preceding,  without  any 
statement  whether  corrections  were  applied  for  difterence  of  equinoxes.  In  some 
subsequent  years  the  following  corrections  are  deduced,  sometimes  from  the  adopted 
and  sometimes  from  the  concluded  positions  : 

1837,     Aa=      O-.OOO; 

1840,    Ad  =-1-0.015:     A  Dec.  =      0".00; 

1844,     Ao  =  +0  OTO  ;     A  Dec.  =  +0  .49. 

rhris. 
All  the  positions  of  planets  given  by  Le  Vcrrier,  in  his  '^Annales  de  VOhserva- 
tcdre  Imperial  de  Paris:  Observations" defend  both  in  riglit  ascension  and  N.  P.  D. 
on  his  adopted  positions  of  fundamental  stars,  the  corrections  to  which  have 
already  been  given.  As  the  corrections  to  the  individual  star  places  used  by 
Le  Verrier  are  not  generally  of  a  systematic  character,  the  general  mean  correc- 
tion is  employed,  which  is  :  — 

In  right  ascension  —  0\024  +  0-.0857; 
In  declination         -f0".13    \^\".20T, 
y  being  the  fraction  of  a  century  after  1800, 

In  1854  a  new  and  larger  catalogue  was  introduced,  and  for  this  and  the  follow- 
ing years  the  correction  in  declination  is  derived  from  Auwers'  tables. 

A  summary  of  the  adopted  corrections  after  1830,  as  deduced  from  the  pre- 
ceding comparisons  and  discussions,  is  given  in  the  following  table: — 


Table  of  Adopted  Systematic  Corrections. 

Year. 

Greenwieb. 

Paris. 

Konigsberg. 

Berlin. 

Cambridge. 

ia 

i^S 

Aa 

&s 

Aa 

a8 

da 

Aa 

&a 

iS 

Aa 

&s 

1830 

..^ 

..^.  . 

.00 

® 

+0.9 

—.16 

— l.T 

.00 

1831 

.00 

-fi'.'s 

.00 

+0.5 

—.03 

+0.9 

+0.9 

—.16 

—1 

6 

1832 

+  1.T 

—  02 

+0.9 

—  19 

—1 

5 

1833 

+1.6 

—.04 

—1 

4 

1834 

+1.4 

—.05 

—1 

3 

1835 

+1.2 

—.05 

_1 

2 

1836 

—M 

-^1.0 

+.01 

+0.6 

^.o'a 

-h'i-o 

—.04 

+1.0 

„I 

0 

—.01 

"  o' 

1837 

—.03 

--0.9 

—.03 

— 0 

8 

.00 

0 

1838 

—.04 

--0.8 

—.02 

—  11 

— 0 

5     +.01 

0 

1839 

^-O.Y 

+i.'o 

—.01 

—.10 

—0 

3     +.01 

0 

1840 

--0.6 

•'.... 

.00 

— .09 

—0 

3     +.02 

+0.1 

1841 

--0.5 

'.'.'.'. 

+.01 

—.08 

_o 

3    —.04 

+0.2 
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Taule  of  Adopted  Systematic  Corrections. — 

Continued. 

Year. 

GieBiiwicli. 

Paris. 

Klin  igs  berg. 

Berlin. 

Cambiidge,            Edinburgh. 

Aa 

M 

Aa 

AS 

Aa 

AS 

Aa 

AS 

A» 

AS             A 

c 

aj 

1813 

—.03 

+0.4 

+  .01 

+0.6 

..^.. 

+.03 

+1,1 

-.07 

—0,3    — 

03 

+  0.3 

1843 

+  .07 

+  0.4 

+.01 

+  0.6 

+.04 

+  1.1 

....      + 

07 

+0.4 

1844 

+.06 

+0.4 

+.01 

+0.C 

+  .04 

--1.1 

■  + 

07 

+0.5 

1845 

+.08 

+0.4 

+.01 

+0.6 

+.04 

-1.1 

1846 

+  .04 

+0.4 

+.02 

+0.6 

+.03 

--1,1 

18iT 

+.05 

+0.4 

--.02 

+0  6 

+.02 

+1.1 

1848 

+.05 

+0.4 

--,02 

+0.6 

+.01 

+1.2 

1849-^3 

.00 

+0.4 

+.02 

+0.6 

.00 

+1.3 

Santiafro      | 

1854-55 

.00 

+0.5 

+.03 

+0.2 

—.01 

+1.3 

.00 

+0.6 

1856-60 

—.01 

+0.5 

+.03 

+0.2 

....       "\\ 

oiliiiigton 

1861 

—.01 

+0.4 

+.03 

+0.2 

1862-65 

.00 

+0.4 

+.03 

+0.2 

00 

—0.5 

1866 

.00 

+0.4 

+.03 

+0.2 

00 

+  1.1 

1867 

.00 

+0.4 

+.03 

+0.3 

00 

+  1.1 

1868 

.00 

—0.3 

+,03 

+0.3 

00 

+1.2 

1869 

.00 

—0.3 

+.03 

+0.3 

00 

+0.6 

1870 

+.01 

—0.2 

00 

+0.4 

1871 

+.01 

—0,2 

00 

+0,4 

1873 

+.03 

—0.2 

00 

+0,4 

Applying  the  preceding  corrections  to  the  positions  of  the  planet  as  originally 
Teduccd  and  published,  we  have  a  series  of  observed  positions  as  nearly  homo- 
geneous as  it  is  possible  to  make  them  with  the  means  now  at  our  command.  The 
next  step  in  order  will  be  the  computation  of  the  geocentric  place  of  the  planet 
from  the  provisional  theory  for  the  moment  of  every  observation,  to  be  compared 
with  the  results  of  the  latter.  The  complete  execution  of  this  labor,  ab  initio,  is, 
however,  at  present  impracticable,  and  it  is  proposed  to  diminish  it  by  making  use 
of  the  published  comparisons  with  the  older  tables.  This  can  be  done  without 
danger  of  serious  error,  and  with  all  the  more  ease  that  owing  to  the  great  distance 
of  Uranus  the  errors  of  the  solar  tables  are,  for  the  most  part,  without  appreciable 
effect  upon  the  computed  geocentric  place  of  the  planet.  The  method  of  making 
the  comparison  is  different  with  different  series  of  observation^  and  each  series 
must  therefore  be  described  and  discussed  separately.  The  general  plan,  how- 
ever, has  been  to  replace  observed  and  computed  absolute  positions  by  observed 
and  computed  corrections  to  the  geocentric  positions  deduced  from  Bouvard's 
Tables.  To  carry  out  this  plan  i\  is  necessary  to  have  at  our  disposal  an  ephcmeris 
both  of  the  heliocentric  and  geocentric  positions  derived  from  these  tables.  The 
corrections  to  the  latter  given  by  the  observations  are  then  given  by  direct  com- 
parison. To  obtain  the  corrections  given  by  the  provisional  theory,  the  heliocentric 
longitudes,  latitudes,  and  radii  vectores  given  by  that  theory  are  interpolated  to 
the  dates  of  the  heliocentric  ephemeris  from  Bouvard's  Tables,  and  compared  with 
that  ephemeris.  The  differences  are  then  changed  to  differences  of  geocentric 
place  by  the  usual  differential  formula^,  and  thus  the  corrections  given  by  theory 
are  derived.     The  difference  between  the  two  sets  of  corrections  is  the  difference 

1(1      May.  1873. 
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between  the  provisional  theory  and  observation.     A  condensed  summary  of  the 
results  for  each  of  the  principal  series  of  observations  is  here  presented. 

Greenwich,  1781-1830. 
In  Airy's  reductions,  already  referred  to,  we  have  given  for  the  moment  of  each 
individual  observation  a  heliocentric  place  compnted  fuom  Bouvard's  Tables,  and 
the  geocentric  longitudes  and  latitudes  thence  deduced.  The  observed  right 
ascensions  and  declinations  are  then  changed  to  longitudes  and  latitudes,  and  the 
apparent  error  of  the  tables  thence  deduced.  The  means  of  these  errors  are  taken 
for  groups  of  observations,  and  expressed  in  terms  of  the  errors  of  heliocentric 
longitude,  radius  vector,  and  latitude.  The  mode  in  which  these  means  have  been 
treated  is  fully  shown  in  the  following  table.  The  first  column  gives  the  mean 
date  of  each  individual  group  of  observations.  The  next  three  give  the  mean 
excesses  of  the  co-ordinates  interpolated  from  the  heliocentric  ephemeris,  p.  100, 
and  corrected  for  solar  nutation,  over  those  printed  in  the  "  Computations  of  tabular 
place,  etc,"  in  the  Greenwich  reductions.  In  the  fifth  column  these  corrections 
are  changed  to  corrections  of  geocentric  longitude.  In  the  next  two  columns  we 
have  the  mean  corrections  to  Bouvard's  geocentric  places  given  by  observation.  It 
is  the  negative  of  the  mean  error  of  tabular  place  printed  in  the  "  deductions," 
corrected  by  the  numbers  already  given  to  reduce  the  star  places  to  a  uniform 
system.  Then  we  have  the  difference  between  these  two  sets  of  corrections,  or, 
the  mean  correction  to  the  geocentric  place  of  the  provisional  theory  as  given  by 
observation.  Lastly,  we  have  the  differential  coefficients  for  expressing  the  errors 
of  geocentric  in  terms  of  the  errors  of  heliocentric  co-ordinates  taken  without 
diange  from  the  Greenwich  volume. 


Maan  Date. 

From  Provisional  Theory. 

From  Oliservatioiia, 

di 

di 

d? 

Corrpelion  to  tahnlar  position  in 
Urueawitb  Kcductious. 

Correcliou  to 

Piov-  Tlieory. 

Long. 

n. 

Lat. 

aeoD. 
long. 

long. 

Hel. 

No.of 
Oba- 

Gftoo. 
loig. 

Hel. 
lat. 

1781,  Oct. 

10 

% 

—  7.8 

+1.1 

—  7.5 

—  6.4 

+  2.6 

4 

+  1.1 

+    1.5 

1.01 

—  9 

Nov 

13 

—  7.5 

+1.1 

—  7.5 

—  4.9 

—  1.6 

4 

+2.6 

—   2.7 

1.04 

—  6 

Dec 

27 

—  7.3 

—  159 

+1.0 

—  7.7 

—  5,r. 

—  2.3 

5 

+2.1 

—  3.3 

1,05 

+  1 

1T82,  Jan 

31 

—  7.4 

+0.9 

—  8.0 

—  4.9 

—  1.1 

4 

+3.1 

—  2.0 

1.04 

+  6 

Mar 
Oct. 

4 
10 

—  6.6 

—  5.6 

+0.9 
+0.4 

—  7.1 

—  5.3 

—  4,6 

—  3.6 

—  0.6 

—  4.0 

4 
4 

- 

^ 

h2.5 

—  1.5 

1.01 
1.01 

+  9 
—  9 

-1.7 

—  4.4 

Nov 

26 

—  5.3 

+0.3 

—  5.3 

—  6.0 

—  5.0 

3 

—0.7 

—  5.3 

1.04 

-  5 

1T83,  Jan 

11 

—  5.0 

+0.3 

—  5.4 

—  3.9 

—  3-7 

3 

+1.4 

—  4.0 

1.05 

+  3 

Feb. 
Oct. 

24 
10 

_  4.4 
—  3.5 

+0.2 
—0.3 

—  48 

—  3.2 

—  2.3 

—  0.3 

—  2.4 

—  1.0 

3 

2 

+2.6 

—  2.6 

1.02 
1.00 

+  9 
—10 

- 

■  2.9 

—  0.7 

Nov 

1 

—  3.2 

—0.3 

—  3.0 

—  1.1 

—  2.3 

2 

- 

-1.9 

—  2.0 

1.02 

—  9 

Dec. 

15 

—  3,3 

—  '121 

—0.4 

—  3,4 

—  2.2 

—  3.8 

3 

- 

1.2 

—  3.4 

1.05 

—  3 

lT84,Jan. 

29 

—  3.1 

—0.4 

—  3.4 

—  2.4 

—  2.4 

3 

-\ 

hi.o 

—  2.0 

1.05 

+  5 

Mar 
Oct. 

12 
30 

—  2.6 

—  1.8 

■/■■ 

—0,5 
—0.8 

—  2.9 

—  1.5 

—  0.3 

—  0.7 

—  4.3 
+  1-4 

3 

2 

+2.6 

—  3.8 

1.01 
1.02 

+  9 
—  9 

+0.8 

+  2.2 

Dec 

U 

—  1.5 

-128 

—0.9 

—  1,5 

—  2.4 

+  2.7 

2 

—0.9 

+  3.0 

1,05 

r* 
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Fjom  I'roviSLuuHl  Tljeorj'. 

From  ObaBfvaUo 

... 

Correidioii  to 

M«au  Ga.te. 

Coneetioii  to  tabular  positiou  in 

Correction  to 

Prov.  Tiitovy. 

61 
d'A. 

dl 

Long. 

LOE. 

Lat. 

Geoo. 

Geoo. 

Hel. 

No,of 

Geoc. 

Hel. 

R,  V, 

long. 

long. 

lat. 

Obs. 

long. 

lat. 

ass,  Jan.    Ifi 

—   1,2 

—1.0 

—  1.3 

—   1,4 

—   1.4 

2 

—0.1 

—   0.4 

1.05 

+  2 

Feb.  13 

—   1.0 

— l.l 

—  1.3     —  1.2 

— .   1,1 

2 

+  0.1 

0,0 

1.04 

+  1 

Mar.  20 

No7,    8 

—  0,G 

+  0.2 

—1.1 
—1.5 

—  0.9 
+  0,5 

+    1,2 

—  5,2 

—  1.7 

2 

—1.2 

—  4,1 

1.01 

1.02 

+10 
—  9 

ToT" 

—  0,2 

1T88,  Mar.  13 
Oct.  2C> 

+  ii-1 
+  3.4 

—  1:^7 

—3.2 
—3.6 

+  1.8 
+  3.9 

+   4.4 
+  3.0 

—  4.9 

—  2.2 

3 

2 

+2.6 

—  1,7 

1.03 
1.00 

+  9 
—10 

—0.9 

+  1.4 

1789,  Jan.  18 

+  4.2 

—  224 

—3.7 

--  4.5 

+10,4 

—14.5 

1 

(+5.9) 

(-10.8) 

1,06 

—  1 

Apr.     8 
Oct.   31 

+  4.7 
+  4.S 

—3.8 
—4.2 

--  4.3 
+  5.4 

+  9.4 
+  4,7 

—  3.7 

—  1.1 

4 
2 

+  5.2 

+  0.1 

1.01 
1.00 

+10 
—10 

—0.7 

+  3.1 

lJ90,Jan.  24 
Not.    6 

+  4.9 
+  5.1 

—  254 

—4.4 
—4.8 

+  5,2 
+  5.8 

+  3,8 
+  5.0 

—  2.6 

—  2.3 

2 
3 

—1,4 

+  1.8 

1.06 
1.00 

—  1 

—10 

—0.8 

+  2.5 

1791,  Jan.  29 

+  5.1 

—  258 

—5.0 

+  5.4 

--  4.5 

—  3.8 

3 

—0.9 

+   1,2 

1.06 

0 

Apr.  li 

Nov.  10 

+  5.0 
+  5,0 

-  234 

—5.2 
—5.4 

+  4.5 
+  5.6 

+  2.7 
+  5.7 

—  4.8 

—  4.0 

1 
2 

—1.8 

+  0,4 

1.01 
1.00 

+  10 
—10 

+0.1 

+  1.4 

1792,  Feb.     6 
Not.  15 

+  5.3 
+  5.6 

—5.6 
—6.0 

+  5.5 
+  6.2 

+  4.2 

+  3.7 

—  4.0 

—  2.5 

1 
3 

— i.3 

+  1,6 

1,06 
1.00 

0 
—10 

—2,6 

+  3.5 

1793,  Feb.     8 
Nov.  U 

+  5.4 
+  5.6 

—  135 

—6.1 
—6.4 

+  5.7 
+  5.9 

+  8.5 
+10.4 

—  6.0 

—  6.3 

2 

1 

+2.8 

+  1.1 

1.06 
0.99 

0 
—10 

+4.5 

+  0.1 

1794,  Feb.  15 
Nov.  19 

+  5.7 
+  5.4 

—  100 

_     67 

—6.5 
-6.7 

+  6.0 
+  5,6 

+  7.3 
+  4.1 

—  6.3 

—  5.1 

2 
4 

+1,3 

+  0,2 

1.06 
1.00 

0 

—10 

-1.5 

+  1.6 

1795,  Feb.  20 
Nov.  29 

+  5.9 
+  5.4 

—  4(i 

—  13 

—6.9 
—7.0 

+  6.3 
+  5,5 

+  6.0 
+  3,9 

—  8.0 

—  3.4 

3 

2 

—0,3 

—  1.1 

1.06 
1.00 

0 
—10 

—1.6 

+  3.6 

1796,  Feb.  24 

1797,  Feb.  27 
1800.  Mar.  14 
1814,  May  22 

-j-  5.3 
+  5.1 
+  4.6 
—  1.2 

—       8 
+     62 
+  224 
+  217 

-7,2 
—7.5 
—8.4 
—2.2 

+  5,6 
+  5.4 
+  4.9 
—  1.3 

+  4,5 
+  4-7 
+  4.9 
+  1,1 

—  4,5 

—  4.2 

—  8.7 
+  0.2 

2 
3 

2 
2 

—1.1 

+  2.7 

1.06 
1.06 
1.06 
1.06 

0 
0 
0 

0 

—0,7 

+  3.3 
—  0.3 

+  2.4 

0,0 

+2.4 

1815,  May  25 

—  1.1 

+  214 

—1.5 

—  1.2 

+  1.4 

—  1.0 

4 

+2.6 

+  0.5 

1,06 

0 

1818,  June  10 

—  0.5 

+  413 

—0,8 

--  0.5 

—  1.1 

+  4.8 

2 

—0.6 

+  5.6 

1.06 

0 

1819,  June  14 

—  0.4 

+  483 

4-1.5 

—  0,4 

—  1.4 

+  3.7 

4 

—1.0 

+  2.2 

1.06 

0 

1820,  June  16 

—  0  1 

+  498 

+2.2 

—  0,1 

—  2.6 

+  4,0 

2 

—2.5 

+  1.8 

1.06 

0 

1823,  July     I 

0.0 

+  538 

+4.4 

0,0 

+  0.2 

+  5,0 

4 

+  0.2 

+  0.6 

1,05 

0 

1825.  July  11 

—  2.4 

+  567 

+5.8 

—  2,5 

—  4.8 

+  7.8 

2 

—2.3 

+  2.0 

1.05 

0 

1826,  July  16 

—  4.5 

+  583 

+6,6 

—  4.7 

—  3.6 

+  8.3 

4 

+  1.1 

+  1.7 

1.05 

0 

1827,  July  20 

—  6.6 

+  626 

+7,2 

—  6.9 

~  7.2 

+  9,6 

6 

—0.3 

+  2.4 

1.05 

0 

1828,  July  23 

—  9.8 

+  710 

+7.9 

—10.3 

—  6.9 

+  6.9 

3 

+3.4 

—  1.0 

1,05 

0 

1829,  Au^.    7 

—13,4 

+  835 

+8.5 

—13,7 

—16.3 

+10.0 

14 

+  1.5 

1,08 

+  2 

Oct.     4 

—14,2 

+  865 

+8.6 

—12.5 

—13.0 

+  9.9 

8 

—0.5 

+  1.3 

1.02 

+  8 

1830,  July  30 

—17.8 

+  970 

+9,0 

—18.8 

—21.4 

+11.1 

3 

—2.6 

+  2.1 

Aug.  29 

—18.2 

+  982 

+9.1 

—17.9 

—20,0 

+10,2 

5 

—2.1 

+  1.1 

Sept.  20 

—18,5 

+  992 

+9.1 

—17.2 

—19.1 

+  9.1 

12 

—1.9 

0.0 

Oct.    14 

—18.9 

+1009 

+9.1 

-16.8 

—17.3 

+  f).9 

11 

—0.5 

+  0.8 

Not.  13 

-19.3  1  +  1009 

+9.3 

—16.8 

—17.8 

+  9.3 

8 

—1.0 

+  0.1 
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Paris,  1801-1827. 
A  complete  reduction  of  this  series  is  found  in  Le  Venier's  Annales  de  VObser- 
valoire  Imperial  de  Paris,  Observniions,  tome  I.  No  comparison  with  any  ephemeris 
is  given  here,  nor  is  there  any  complete  ephemeris  to  compare  them  with.  A 
complete  geocentric  ephemeris  was  therefore  computed  from  the  provisional  theory 
for  the  principal  groups  of  the  Paris  observations.  The  individual  observations 
being  compared  with  it,  the  resulting  mean  corrections  are  given  in  the  following 
table : 


Mean  date. 

Act 

AS 

N. 

Mean  date. 

Aa 

AS 

jV. 

1801,  March  24, 

—•.02 

+1-.3 

2 

1813,  May  20, 

+M9 

+1-.8 

6 

1802,  April  1, 

+  .08 

+0.6 

13 

1814,  May  21, 

+  .21 

+0.8 

4 

1805,  April  22, 

+  .10 

+2.2 

13 

1815,  May  24, 

—  .03 

+2.2 

5 

1806,  April  11, 

—  .01 

-1.6 

5 

1816,  June  1, 

—  .01 

+0.8 

1 

1801,  April  28, 

+  .n 

+0.4 

16 

1811,  June  5, 

—  .08 

+1.6 

5 

1808,  April  28, 

+  .02 

+  1.4 

6 

1818,  June  1, 

+  .12 

+2.2 

9 

1809,  May  5, 

+  .20 

+0.1 

9 

1819,  June  18, 

—  .01 

+1.8 

1 

1810,  April  30, 

+  .22 

+2.6 

16 

1820,  June  20, 

—  .20 

—2.4 

8.5 

1811,  rete'y  18, 

+  .21 

+2.2 

3 

1821,  June  22, 

+  .05 

+1.0 

5 

1811,  May  11, 

+  .14 

+2.6 

8 

1823,  July  18, 

+  .02 

+1.8 

6 

1812,  Fcbr'y  16, 

+  .28 

2 

1824,  July  13, 

+  .04 

0.0 

1 

1812,  May  10, 

+  .16 

+3.0 

6 

1821,  July  25, 

—  .05 

+0.6 

5 

1813,  Febr'y  25, 

+  .44 

3 

Total  number  of  observations  in  right  ascension,  1T5. 

The  observations  in  this  series  exhibit  numbers  of  discordances  of  that  class 
which  leave  the  astronomer  in  doubt  whether  the  observation  should  be  retained 
or  rejected.  This  remark  applies  more  especially  to  the  declinations.  If  we  de- 
termine the  probable  error  of  an  observation  in  declination  by  the  condition  that 
it  is  that  amount  which  the  error  falls  short  of  as  often  as  it  exceeds,  it  is  found 
to  be  about  2".  Then,  if  the  errors  followed  the  commonly  assumed  law  of  proba- 
bility, only  about  one  in  six  of  the  errors  should  exceed  4",  and  one  in  twenty- 
three  6".  But  errors  of  these  magnitudes  are  much  more  numerous,  the  deviations 
often  amounting  to  six  or  eight  seconds,  I  have  rejected  only  a  few  in  which  the 
discordances  approached  10". 

BesseVs  Konigsberg  Ohservations,  1814-1835. 
I  have  made  a  complete  re-reduction  of  the  right  ascensions  of  this  important 
series,  and  of  most  of  the  declinations.  In  order  to  avoid  the  necessity  of  apply- 
ing systematic  corrections,  Dr.  Gould's  right  ascensions  and  Dr.  Auwers'  declina- 
tions were  used  throughout  in  these  reductions.  In  this  work  a  selection  of 
the  fundamental  stars  observed  by  Bessel  was  made  for  each  observa,tion  of  the 
planet,  to  be  used  for  clock  error.  These  were  chosen  so  that  the  mean  of  their 
right  ascensions  and  declinations  should  be  as  near  as  practicable  to  those  of 
Uranus,  a  condition,  however,  which  could  not  generally  be  fulfilled  for  the  decli- 
nations, owing  to  the  southern  position  of  the  planet.     Bessel's  instrumental  cor- 
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rections  were  applied  to  his  observed  times  of  transit  over  tlic  moan  wire,  and  the 
resulting  time  was  employed  as  that  of  transit.  Each  time,  compared  with  the 
computed  right  ascension  of  the  star  gave  a  value  of  the  clock  correction,  which 
was  reduced  to  the  time  of  transit  of  the  planet  hy  the  known  daily  rate.  It"  the 
instrumental  errors  were  always  accurately  determined,  the  mean  of  these  clock 
corrections  would  be  used  to  obtain  the  right  ascension  of  Uranus.  But  it  was 
frequently  found  that  the  clock  error  varied  systematically  with  the  declination  of 
the  star,  so  that  it  was  deemed  advisable  to  add  to  the  clock  correction  a  term 
varying  as  the  simple  declination,  which  was  deduced  from  all  the  stars,  and  used 
to  reduce  the  correction  to  the  parallel  of  Uranus. 

It  was  intended  to  give  the  results  of  this  reduction  for  each  observation,  but 
on  comparing  the  results  with  those  of  Fleming  in  the  Astronomisclie  NacIiHcJiten, 
Band  30,  it  appeared  that  the  results  were  not  materially  better  than  his.  It 
does  not,  therefore,  seem  necessary  to  give  more  than  the  mean  results  for  each 
opposition. 

From  Bcsscl's  declinations,  with  the  old  Gary  circle,  I  was  unable  to  obtain  any 
satisfactory  results,  owing,  apparently,  to  a  want  of  knowledge  of  some  peculiarity 
of  the  instrument.  Fleming's  reductions  were  therefore  adopted.  They  are 
designated  by  the  letter  F  in  the  following  list. 

Mean  Corrcdloas  to  the  Provisional  Ephemeris  given  hy  BesseVs  Observations  at 
Konigsherg,  1814-1829. 


Mean  flate. 

Aa 

AS 

N. 

Me 

an  date. 

Aa 

AS 

K 

1814,  May  22, 

+M1 

+2".5J!' 

9 

1822, 

June  24, 

+M0 

+V.8 

7 

1815,  May  25, 

+  .13 

+1.8Ji' 

11 

1823, 

July  4, 

—  .05 

-1  SF 

2 

1816,  May  27, 

+  .06 

+1  SF 

11 

1824, 

July  6, 

+  .01 

—1  .dF 

5 

1817,  June  6, 

+  .13 

+iAF 

8 

1825, 

July  16, 

+  .01 

—iAF 

5 

1818,  Junes, 

+  .02 

+4.3J' 

13 

1826, 

July  18, 

—  .01 

—i.OF 

7 

1820,  June  21, 

+  .02 

+4.1 

4 

1828, 

July  25, 

—  .15 

—3.57? 

7 

1821,  June  23, 

+  .12 

+1.5 

6 

1829, 

Aug.  1, 

-.10 

—IMF 

9 

Total  numbers  of  observations,  103. 

Results  of  Ohscrvatiuns  at  various  Observatories,  from  1837  to  1829  inclusive. 
During  these  three  years  we  have,  besides  the  observations  already  quoted,  the 
following:  — 

1.  Observations  hy  Schwerd,  at  Speier,  of  which  the  originals  are  given  in 
Astronomische  Beobachtungen  ongestellt  avf  der  Slernwarte  des  Konigl.  Lyzeurns  in 
Sjpeyer  von  F.  M.  Schwerd,  Speyer,  1829-30,  and  of  which  the  reduced  results 
are  found  in  the  Astronomische  Nachrichten,  Band  8,  S.  264. 

2.  The  series  by  Airy,  at  Cambridge,  commenced  in  1828,  and  found  in  the 
Cambridge  Observations, 

3.  Littrow's  Vienna  Observations,  found  in  the  first  series  of  Annalen  der  K.  K. 
Stermoarte  in  Wien. 

The  mean  corrections  to  the^  provisional  ephemeris  given  by  these  series  are 
shown  in  the  following  table.     The  observations  have  been  divided  in  the  usual 


Hosted  by 


Google 


126  TUE   ORBIT   OP   URANUS. 

way  into  groups  of  about  a  month  each,  and  the  mean  date  and  mean  correction 
found  for  each  group.  The  Paris  and  Konigsberg  results  are  repeated  for  the 
sake  of  clearness.  The  small  figures  show,  as  usual,  the  number  of  observations 
employed  in  forming  the  mean. 


Aa 

A* 

Date. 

Observatory. 

Original. 

Corrected. 

1837, 

July  23, 

Speier, 

— 0M6, 

— 0".14 

July  25, 

Paris, 

—0  .03, 

-0  .05 

+0-.5, 

September  15, 

Viemui, 

—0.11,, 

—0  .10 

0.0, 

October  14, 

Viciuia, 

—0.18, 

—0.17 

-2.2. 

1828, 

July  25, 

Konigsberg, 

—0  .15, 

—0.15 

—3.5, 

July  29, 

Vienna, 

—0  .24, 

—0.20 

—1  .4, 

August  14, 

Vienna, 

—0  .13,, 

-0.09 

+1.1. 

August  27, 

Speier, 

-0  .10. 

-0.09 

September  18, 

Vienna, 

-0  .03. 

+0  .01 

+  1.0. 

September  25, 

Cambridge, 

—0  .06, 

—0.16 

October  17, 

Vienna, 

-0.13„ 

—0  .09 

0.0, 

October  17, 

Cambridge, 

—0  .02,. 

—0.12 

1829, 

August  1, 

Konigsberg, 

—0  .10. 

—0.10 

—  1  .0 

August  6, 

Cambridge, 

+0.11, 

—0  .08 

—1.1, 

August  28, 

Speier, 

—0  .04, 

—0.04 

September  23, 

Cambridge, 

+0.21,, 

+0  .05 

November  6, 

Cambridge, 

+0  .25, 

+0.09 

Ohservations  from  1830  lo  1872, 
Since  the  year  1830  heliocentric  and  geocentric  ephemcridos  of  Uranus  com- 
puted from  Bouvard's  Tables  are  at  our  disposal.  We  make  use  of  those  iu  the 
Berlin  Astronomisches  Jahrbuch  for  the  years  1830  to  1833,  and  of  those  in  the 
Nautical  Almanac  from  1834  forward.  The  system  of  comparison  is  the  same 
as  that  already  explained.     That  is  to  say,  we  deduce  separately: 

(1)  Mean  corrections  to  the  geocentric  longitude  and  latitude  of  Uranus  in  the 
ephemeris  aa  derived  from  observation. 

(2)  Mean  corrections  to  the  same,  given  by  the  provisional  theory,  as  derived 
from  a  comparison  of  the  heliocentric  positions  of  that  theory  with  the  heliocentric 
positions  in  the  ephemeris. 

Then  (1)  —  (2)  is  the  correction  to  the  provisional  theory  given  by  observation. 
The  process  of  forming  (1)  and  (2)  is  shown  quite  fully  in  the  following  pages. 
Each  individual  printed  observation  was  first  compared  with  the  printed  ephemeris, 
and  a  correction  to  the  latter  was  thence  deduced.  When  this  correction  was 
given  with  the  observations  themselves,  it  was  of  course  not  recomputed,  unless  in 
some  doubtful  cases.  The  observations  were  then  divided  into  groups,  usually  of 
about  a  month  each,  and  coinciding  in  time  with  the  grouping  of  the  Greenwich 
results.  The  mean  of  the  dates  and  the  mean  of  the  corrections  were  then  taken 
separately  for  each  gr6up  and  each  observatory.     The  separate  results  are  shown 
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in  the  proper  columns  of  the  following  table,  under  the  head  "Mean  dates," 
Mean  cor.  in  R.  A.,  and  Mean  cor.  in  Uec.  These  means  are  those  given  by  the 
observations  as  printed,  without  the  appUcation  of  the  systematic  corrections  on 
pages  120  and  121,  In  the  columns  "  Corrected  mean"  these  corrections  are  applied  ; 
this  column  would  therefore  exhibit  no  systematic  differences  between  the  results 
of  the  different  observatories,  unless  the  observations  of  Uranus  were  affected  by 
errors  different  from  those  which  affect  the  positions  of  the  fundamental  stars.  A 
careful  comparison  of  the  differences  in  various  parts  of  the  table  shows  that  this 
is  unfortunately  the  case.  A  weight  is  next  assigned  to  each  individual  result 
depending  on  the  number  of  observations,  the  general  sufficiency  of  the  data  of 
reduction,  the  mean  discordance  of  the  individual  observations,  and  the  quality  of 
the  instruments.  The  critical  reader  will  notice  a  lack  of  homogeneity  among  the 
weights  assigned,  of  which  I  shall  speak  presently.  The  mean  of  the  separate 
group-results  is  then  taken  with  regard  to  these  weights,  and  also  the  mean  of  the 
mean  dates,  using  for  the  latter  the  relative  weights  adopted  for  the  several  right 
ascensions.  Thus,  we  have  a  mean  result  derived  from  all  the  observations  for 
each  month,  or  other  group-period,  which  is  written  under  the  horizontal  lines. 

These  corrections  to  right  ascension  and  declination  are  next  changed  to  correc- 
tions of  longitude  and  latitude,  using  for  this  purpose  the  following  table,  which 
is  computed  from  the  formulEe  of  Gauss : 


cos  E  =  sin  £  cos  a  sec  b 

Al  = 


=  sin  £  cos  I  sec  S 

^cos^   .        ,  cos  E  ^. 
-f—  Aa   -]'  -;  -^  A5 


cos  b  cos  6 

Ab  =  —  cos  E  cos  H  Aa  -{-  sin  E  AS. 
The  differential  coefficients  in  this  table  are  expressed  as  a  fhnctlon  of  the  right 
ascension  of  Uranus  only,  which  may  be  done  because,  owing  to  the  small  inclina- 
tion and  great  distance  of  the  planet,  its  geocentric  position  on  the  celestial  sphere 
is  never  more  than  about  2'  from  some  point  of  the  projection  of  its  heliocentric 
orbit.  The  coefficients  of  Aa  are  multiplied  by  15,  that  the  right  ascension  may 
he  expressed  in  time. 


3  Convert  EaaoRS  of  Rsght  Ascensto::  and  Declination  of  XToanus  into  errors  op 

Longitude  asd  Latitude, 
'lien  Uie  Higlit  Ascension  esneeds  IS'',  enter  with  R.  A  — 12'',  mid  chinge  tlie  signs  of  the  quantities 

6b  ^^^  61  _ 
6ii        Oii 


Logaritbiiis  of 


l.i:i9.? 
1.1334 
1.1394 


61 


-0.7761 
-0.7757 
-0.7743  " 
-0.7720  " 


-0.7525  " 
-0.7451  " 
-0.7iti5  "" 
-0.7270 
-0.7162  " 


+9.6000 
-j-9.59ae  "" 
+9.5H83  " 
+9.5n63  " 
+S.593-1  " 
-I-9.589U  ' 

-I- 9.-^849 

+B.5794  " 

+  9.5730  " 

+  9.S6.18  " 


6h 

da 


+0.40- 
0.40 
0.40 
0.40 
0.39 


+0.38- 
0.38 
0.37 
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ToC 

ONVERT  EilKOltS  OF  RiOHT  AsCENB 

OS  AND  Bi.ci.i-SATio^i.—Continufd. 

E.  A. 

Logarithms  of 

dl 

dh 

di 

dh 

61 

db 

dl 

a 

da 

da 

dH              d5 

da 

da 

dh 

dh 

2"  0" 

1.1395 

-0.6773  -]f^ 

-0.6460  -\°l 
-0.6266  Zl^^ 

+9-5375       ,„      9 
+9.5260      li,l      9 
+9.6134  -]ll      9 
+9.4995       }^°      9 
+0.4843  -  *2      B 
+  9.4676  -J^J      9 

9725 

+13.8  + 

—5.06+ 

+0.34- 

+0.93+ 

10 

i.ians 

9740 

4.91 

0.33 

20 

1.1395 

9758 

4.75 

0.33 

30 

1.1396 

9772 

4.58 

0.31 

40 

1.1395 

9788 

4,41 

0  30 

60 

1.1394 

9804 

4,23 

0.29 

3     0 

1.1394 

-0.6069       „,- 
-0.5854  -III 
-0.5621  -f-i 
-0.5368  -^l 
-0.5094  -Jlt 
-0.4795  ZZ^ 

^ 

h9.4495       ,.„      9 
•9.4297  -l^^l      9 
.9.4081  ™      9 
-9.3844  -^tl      9 
■9.3586       ^ll      9 

h9-3302-284      g 

9S21 

+13.8+ 

-^,05+ 

+0.28- 

+0.96+ 

10 

1.1394 

9837 

3.86 

0.27 

20 

1.1393 

9853 

3,66 

0.26 

1.1393 

9809 

3.45 

0.24 

40 

1.1392 

9883 

3,24 

0.23 

SO 

1.1391 

H 

3.02 

0.21 

4     0 

1.1390 

—0.4468      _,. 
-0.219S  ZS 

^ 

h  9. 2990      „.,      9 
■9.2644  -^J^l      9 
-9.2269  Zll^       B 
-9.1828  —Itl      9 

9912 

+  13.8-+- 

-2.80+ 

+0.20- 

+  0.98+ 

10 

1.1390 

9925 

2.58 

0.18 

20 

9938 

2.36 

0.17 

30 

1.1388 

9949 

2.14 

0.15 

40 

1.1387 

+9.1341  ■-?''   1    9 
+9  0781  Zetl  1   8 

9969 

1.91 

0.13 

50 

1.1386 

9969 

l.W 

0.12 

S     0 

1.1385 

—0.1539       ^o« 
—0.0753  —^°l 

1-9.0130      „,      9 
-8.9353  -III  1   9 

9977 

+  13.8+ 

-1.43+ 

+0.10— 

+0.99+ 

10 

1.1384 

9984 

1.19 

0.08 

20 
30 

1.1383 
1.1382 

~lill    -125 

9990 

0,95 
0.71 

0.07 
0.05 

—9.854    _-,,j5 

—9.679         o,|, 

—9.378         ^"^ 



-8.7157      ,,„i    9 
-8.540    —kln\    9 
-8.210    -^"^      9 

9994 

40 

1.1381 

9997 

0.48 

0.03 

EO 

1.13S0 

9999 

0.24 

0.03 

8     0 

1.1379 

—   OC 

OC 

0 

+13.7+ 

0.00 

0.00 

+  1.00+ 

10 

1.1378 

+9.378    riHi 

+  9,978     +^i^ 
+0.0743  +^ll 

—8.540       Tn7  =  i7      w 

zlii^  til^  I 

-8!9353  t^^^      9 

9999 

—0.34+ 

—0.02+ 

20 

1.1377 

9997 

0.48 

0.03 

30 

1.1376 

9994 

0.71 

0.05 

40 

1.1375 

9990 

0.95 

0.07 

50 

1.1374 

9984 

1.18 

0.08 

7    0 

1.1373 

+0.1526    1  „_a 
+0.2I84  +111 
+0.2753  J^™ 
+0.3250  +^^l 
+0.3B92  +!f^ 
+0.4089  +111 

—9.0130  _,  cKi       9 

9977 

+13.7-1- 

+1.42- 

—0.10+ 

+0.99+ 

10 

1.1373 

-9.0781    , 

■560      I 
-487      I 
-431      I 
-385      I 
-346      " 

9969 

1.65 

0.12 

20 

1.1372 

—9.1341  ■ 

9959 

0.13 

30 

1.1371 

—9.1828  ■ 

9949 

2.11 

0.15 

40 
50 

1.1371 
1.1370 

—9.2259  J 
-9.2644  _ 

9925 

2.34 
2.66 

0.17 
0.18 

8     0 

1.1370 

1-0.4448    ,  ,„, 

-9.2990    .  „,„      9 
—9.3302  T°i;      9 
-9.3580  +§,*      9 
-9.3844  +gl      9 
-9.4081  Xtil      B 
-9.4297  Jill      9 

9912 

+13.7+ 

+2.78— 

—0.20+ 

+0.98+ 

10 

1.1370 

-0.4773  " 

-298 
-273 
-253 
-233 
-211 

3.00 

0.21 

20 

1.1370 

-0.5071  " 

9883 

3,22 

0.23 

1.1370 

-0.5344 

9869 

8.43 

0.24 

40 

1.1370 

■0.5597  " 

9853 

3.63 

0.26 

50 

1.1370 

-0.5830  ' 

9837 

3.83 

0.27 

9     0 

1.1370 

+0.6044    ,  .„ 
+0.6241  +]l[ 
4-0.6425  ±lzt 

4^o.mi  +111 

+0.6749  Xill 
+0.6692  +lf^ 

—9.4495    ,  ,„,       9 
-9.4676  ±]%      9 

-9.4995  +  qfl      S 
-9.5134  ±]ll      9 
-9.5260  +J2fi      9 

9821 

+16.7+ 

+4.02— 

-0.28+ 

+0.96+ 

10 

1.1370 

9804 

4.20 

0.29 

20 

1.1370 

97S8 

4.38 

0.30 

30 

1.1371 

9772 

4.55 

0.31 

40 

1.1371 

9756 

4.72 

0.32 

50 

1.1372 

9740 

4.38 

0.33 

10     0 

1.1373 

+0.7023    ,  „„ 

—9.5375    ,  ,n,      S 

9725 

+  13.7+ 

+5.04— 

—0.34+ 

+0.93+ 

10 

1.1374 

+0.7142  ■ 

-109 

-9.6479  " 

-  83      I 
■  7^      I 

-  64      I 
\-  55      '^ 

9711 

0.35 

20 

1.1375 

+0.7251  ' 

—9.5573  ■ 

9(i98 

5.31 

0.36 

30 

1.1376 

+0.7347  ■ 

-  87 

-  76 

-  6S 

—9.5656  ■ 

9685 

5,43 

0.37 

40 

1.1377 

+0.7434  ■ 

-9.5730  " 

9673 

6.54 

0.37 

60 

1.1378 

+0.7510  " 

—9.5794  " 

9602 

5.64 

0.38 

11     0 

1.1.179 

+0.7575    ,    „ 

—9.6849    ,     „  1    9 

9653 

+13.7+ 

+5,72- 

—0.38+ 

+0.92+ 

10 

1.1380 

+0.7632  " 

-  46 

-  35 

-  24 

-  17 
■    7 

—9.5896  "■ 

-  29    ; 

.20      I 

9645 

6,79 

0.38 

20 

1.1381 

+0.7678  - 

-9.5934  • 

5.85 

0.39 

30 

l.)382 

+0.7713  " 

—9.5963  ■ 

6,90 

0.39 

40 

1.1383 

+0.773?  J 

-9.6983  ■ 

9628 

5,94 

0.39 

50 

1.1385 

+0.7754  : 

—9.5996  T  ^4      B 

9626 

5.96 

0.40 

12     0 

1.1386 

+0.7761 

—9.6000                  9 

9626 

+13.8+ 

+5.97- 

—0.40+ 

+0.93+ 
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We  thus  have,  for  the  interval  occupied  by  each  group  of  observations,  a  mean 
correction  to  the  geocentric  longitude  and  latitude  of  the  planet  given  by  obser- 
vations, which  are  found  in  the  ninth  and  tenth  columns  of  the  table,  on  the  same 
horizontal  line  with  the  mean  corrections  in  right  ascension  and  declination  from 
which  they  are  derived.  The  next  step  is  to  obtain  the  corresponding  corrections 
given  by  the  provisional  ephemeris. 

This  correction  has  been  first  obtained  for  eveiy  twentieth  day  of  each  of  the 
forty-two  oppositions  included  in  the  table.  The  heliocentric  longitude,  latitude, 
and  radius  vector  were  interpolated  to  the  most  convenient  twenty-day  intervals, 
and  compared  with  the  corresponding  co-ordinates  in  the  heliocentric  ephemeris. 
Tliis  ephemeris  was  of  course  the  one  corresponding  to  that  with  which  the 
observations  were  compared,  namely,  the  Berliner  Jahrbuch  for  the  years  1830-33, 
and  the  Nautical  Almanac  for  subsequent  years.  These  comparisons  are  fully 
given  at  the  end  of  this  chapter,  and  the  resulting  corrections  to  the  printed 
ephemeris  are  given  in  the  proper  columns  of  the  table. 

These  corrections  to  the  heliocentric  co-ordinates  were  then  changed  to  corrections 
of  geocentric  longitude  and  latitude  by  the  following  formulae.     Put 
i',  the  projection  of  the  planet's  radius  vector  on  the  ecliptic ; 
p',  the  projection  of  the  planet's  distance  from  the  earth  on  the  same  plane; 
c,  this  distance  itself; 

/L,5,  the  planet's  heliocentric  longitude  and  latitude ; 
L,  the  sun's  geocentric  longitude ; 
B,  its  radius  vector; 

M,  the  modulus  of  the  common  logarithms ; 
hl^  Ih,  the  corrections  to  the  geocentric  longitude  and  latitude  ; 
^p,  the  correction  to  the  common  logarithm  of  the  radius  vector. 
Then 

hlz^      '^  I  1  +  :5  cos  (i  —  A)  I  ^;\, 


9 


iiL-X)j 


Tit' 

+  -^  5m(£  — ytan/; 


ftp'  I 

j-  -  tan  B  sin  (i  —  X)hX 

PP 

The  last  term  in  U  and  the  last  two  terms  of  Ih  have  been  omitted  in  the  com- 
putation, as  they  scarcely  ever  exceed  a  few  hundredths  of  a  second. 
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The  values  of  hi  and  6h  are  printed  in  the  last  two  columns  of  the  table.     The 

formula  for  hb  might  liave  contained  the  additional  term 

^b  :=  sin  ?J(j 

Aj  being  the  correction  to  the  obliquity  of  the  ecliptic  adopted  in  the  ephemeiis 
to  reduce  it  to  that  employed  in  the  provisional  theory.  This  correction  is,  how- 
ever, deferred  until  we  come  to  form  the  equations  of  condition. 

From  the  values  of  H  and  6b  thus  obtained  we  are  to  find  the  mean  values 
during  each  group  of  observations.  If  these  quantities  varied  uniformly,  the 
proper  value  would  be  that  corresponding  to  the  mean  date  of  each  group.  But 
the  second  differences  are  so  large  that  this  value  would  generally  be  in  error  by 
one-  or  two-tenths  of  a  second.  Owing  to  the  minuteness  of  this  difference,  it  has 
been  considered  that  when  the  mean  date  was  near  the  middle  of  a  twenty-day 
interval,  the  correction  U  interpolated  to  that  date  without  regard  to  second 
differences  would  furnish  a  sufficient  approximation  to  the  required  mean  value  of 
H  during  an  interval  of  about  30  days.  In  other  case  the  value  of  H  was  inter- 
polated to  5-day  intervals  through  the  period  of  each  group  of  observations,  and  the 
mean  value  taken. 

During  the  years  1850-1863  the  sun's  longitude  employed  in  the  ephemeris 
required  a  gradually  increasing  correction,  amounting  at  the  latter  date  to  about 
3".  A  small  correction  of  which  the  maximum  value  is  about  0",15  was  applied 
to  H  to  reduce  it  to  the  value  it  would  have  had  if  Hansen's  tables  bad  been 
employed. 

The  corrected  mean  values  of  II  and  lb  thus  obtained  are  given  in  the  last  two 
columns  of  the  following  table,  being  inclosed  in  brackets  and  printed  immediately 
above  the  values  of  Al  and  Ab  derived  from  observation. 

I  deem  it  proper  to  mention  that  the  mechanical  labor  of  constructing  these  tables 
of  comparisons,  in  the  manner  just  described,  was  in  great  part  performed  by  Dr. 
C.  L.  F.  Kampf,  who  was  employed  by  the  Smithsonian  Institution  to  assist  mc  in 
the  work.  Before  using  it  I  subjected  the  whole  of  the  work  to  a  careful  revision, 
altering  especially  the  relative  weights  of  the  corrected  means  in  many  cases.  As 
the  assigned  weights  now  stand,  each  set  of  results  which  are  combined  into  a 
sir.gle  mean  has  its  own  unit  of  weight,  which  does  not  necessarily  coincide  with 
that  of  any  other  set.  The  use  of  a  uniform  scale  of  weights  through  this  series 
of  observations,  and  the  assignment  to  every  final  mean  of  a  weight  equal  to  the 
sum  of  the  weights  of  the  quantities  whose  mean  was  taken,  would  have  led  to 
weights  in  many  cases  quite  fictitious,  owing  to  the  obvious  presence  of  systematic 
errors  in  the  results.  For  this  reason  I  have  made  no  further  use  of  the  weights 
found  in  this  table,  and  their  lack  of  homogeneousness  therefore  docs  no  harm. 
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THE   OEBIT   OF   CKANCS. 


Mean  Cokrectionn  to  the  Epiibmeri 
Havtica 

s  or  Ukanus  in  the  Beei.iner  Jahreuch  and  the 
h  Almanac. 

ObBervatOrj-. 
[R.  A.  of 

Mean  dates. 

Observed  oorrecti 

nsinB-A. 

Observed  corraetioas  in  Dao. 

Corr.  to  Geocentric 

Mean. 

No,  of 

Corrected 

Mean. 

No.  of 
obs. 

Corrected 

Longitude. 

Latitude. 

Konigsberg, 
Cambridge, 

[20''  40™] 

1830 

July     20 
July     29 

July     29 

—  1.51 

T 
6 

S 
—1.56, 

-I.e.  7, 

—1.60 

+  4.6" 

7 

+4.6 

[-19.2] 
—20.8 

[+   9,5] 
+10.3 

KSnigsberg, 
Cambridge, 

£30"  SC"] 

Cambridge, 
[20"  3:"'] 

Cambridge, 
[ao''  36'"] 

Cambridge, 
[20"  ST"] 

Greenwich, 
Cambridge, 

[20"  58"] 

Aug.    12 
Aug.     25 

—1.65 
—1.36 

—1.46 

—1.34 

—1.36 

—1.73 
—1,10 

2 
4 

7 

8 

8 

11 
9 

—1.65, 
-1.52, 

—1.58 
-1.623 

—1.50. 

—1.52, 

—1.73. 
—1.86, 

+3-6 
+3.5 

2 
11 

+3.G 
+  4.3 

[-18.5] 
—20.8 

[-11.2] 
—21.2 

[-16.1] 
-19.6 

[-16.6] 
-19.8 

[-23,8] 
—23,4 

[+  9.6] 
+  9.1 

[+10.0] 
+  11.1 

Aug.     19 
Sept.    19 

Oct.      17 

Nov.     U 

183X 

Aug.      3 
Aug.      8 

Aug.      G 

-1.79 

Greenwich, 
Cambridge, 

[20"  SS"] 

Sept.      1 
Sept.    15 

-1.07 
— l.CO 

5 
G 

—1.67, 
—1.763 

+3.5 

6 

+5.3 

[-22.0]  [+10.0] 
—22.2     +11.8 

Sept.    n 

-1-72 

Greenwich, 
Cambridge, 

[aO""  50"'] 

Nov.       4 
Oct.      2G 

—1.48 
—1.54 

7 
IG 

—1.48, 
—1.70. 

+3.1 

7 

+4.9 

Oct.      31 

—1.63 

-21.0 

+10.8 

Greenwich, 
Kflnigsberg, 
Cambridge, 
Vienna, 

[21"  n°] 

Cambridge, 
[21"  12-] 

1882 

Aug.      0 
Aug.    10 
Aug.    16 
Aug.      3 

—2.02 
—2.24 
—1.99 
—2.33 

— 1.!]7 

3 
3 
9 
3 

10 

—2,03, 
—2.24. 
—2.18, 
—2.33, 

+  1.7 
+0.2 

2 
3 

+3.4, 
+1.1 

[-28.1] 
—29.2 

[-26.9] 
—28.8 

[+10.3] 
+  11.9 

Aug.    ]2 
Sept.    12 

—2.19 
—2,16. 

+2.5 

Cambridge, 
Vienna, 

[21"  r] 

Oct,        6 
Oct.      12 

—1.91 
— l.SiO 

13 
15 

—2.09, 
—1.90. 

+  1.9 

16 

+2.8 

[-25.8] 
—26.6 

[+10,2] 
+11.1 

Oct.        1 

—2.01 

Cambridge, 
Vienna, 

[21"  J0-] 

Nov.     16 
Nov.       9 

—1,85 
—1.89 

7 
2 

—2.04, 
—1.89, 

+1.1 

+  2.0 

[+10,1] 
+10,5 

Nov.     15 

—2.02 

-21.4 
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THE    ORBIT    OP   URAisUS. 


Mean  Corrections  to  the  Epiiemeris  ot  Uranus. — Continved 


Greenwich, 
Koiiigsberg, 
Camiji'idgo, 

[31"  32"] 

Greenwich, 
Cambridge, 
Vienna, 

[ail-  28"] 

Greenwich, 
Cambridge, 
Vienna, 

[21''  26"] 

Cambridge, 


[21"  26"] 


Cambridge, 
Vienna, 

[21"  49"] 

Greenwich, 
Caniijridgc, 

[31''  45™] 

Greenwich, 
Cambridge, 


[21'  41"] 


Cambridge, 
Viomia, 


[21'  41-: 


Cambridge, 
Vienna, 


Greenwich, 
Konigsberg, 
Cambridge, 
Vienna, 


■4"] 


1833 

Aug.    22 
Aug.     13 


Sept.    19 
Sept.    II 


Oct. 

14 

Oct. 

13 

Nov. 
Nov. 

18 
14 

1834 

Aug.     15 
Aug.     13 


Sept.     10 
Sept.    Ifi 


Sept.  13 

Oct.  14 

Oct.  16 

Oct.  20 


Nov. 
Nov. 


Dee. 
Dec. 

Dee. 


Aug. 
Aug, 
Aug. 
Aug. 


—2.33 
—2.33 
-2.52 


-2.25 
-3.29 
-3.3r 


-3.25 
-3.31 
-3.28 
-3.30 


No,  of   Corrected 


-3.53, 
-3,56, 

4-2.8 
-H2.6 

-2.41 

3.25, 
2.48j 
'3.41, 

H-0.1 
-K2.2 

2.43 

-2,35, 

-1-   1.3 

-3.U, 
-2.83 


— 3.25j 
— 3.31„ 
—3.47, 
—3.35. 


—3.3! 


Longitade.    Latitade. 


+  0  8, 
+  I.4. 
+1-2, 


+  1.7. 

-t-0.8,j 


CoTT.  to  Geoceutrig 


[+10.8] 
-i-10.» 


[—33.2]  C-f  10.8] 
■33.4       4-12.3 


[—31.3]  [4-lO.fi] 
■33.0       -1-11. 'J 


[—30.3]  [-H10.3] 
—32.0       -1-10.4 


[+n.i] 

+U.3 


[—39.0] 


[+11.1] 
+  11.3 


[+10.9] 
+11. U 


;j_[_36.7]  [+10.7] 
-38.7    I   +11.3 


-36.3]  [+10-5] 
-40.3       +11.5 


[--47.1]  [+1L3] 
—48.6    I  +11.8 
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THE   ORBIT   OF   rilANUS. 


Mean 

COUIIECTIONS  TO  I'HL 

Epiiemeuis  op  TJeanus.- 

-Continued. 

Obaervntory. 
[U.  A.  of 
U.auus.] 

Mean  dates. 

Observed  oorreotio 

na  iu  E,.A. 

Observed  c 

rraoiio 

s  ill  Deo. 

Corr.  to  Geoeeatrio 

Mean. 

No.  of 
obs. 

Correoted 

Mean. 

No.  of 
oba. 

Correoted 

.oiigilndo. 

Latitude. 

Cambridge, 
Vienna, 

[23-  1-] 

1835 

Sept.    15 
Sept.     U 

—3.17 
—3.30 

9 
9 

... 

—3.36, 
—3.35, 

—  4.fi 

—  6.7 

9 
9 

-5.8, 
-5,8, 

[-45.8] 
_4S.l 

[+11.2] 
+11.6 

Sept. 

15 

—3.30 

—5.8 

Greenwich, 
Cambridge, 

Oct. 
Oct. 

10 

n 

—3.37 
—3.11 

4 

—3.37, 
—3.31), 

—  6,53 

—  4.1 

4 
8 

—5.3. 
-5.3„ 

— 4G.9       +U.4 

Oct. 

15 

—3.29 

—5.3 

Greenwich, 
Cambridge, 

[31-  57-] 

Nov. 

NOF. 

27 
26 

—3,31 
—3.00 

6 
10 

-3.21, 
—3.10, 

—  5.6 

—  4.5 

7 
9 

—4.4 
—5.7, 

[-43.0] 
—45.11 

[+10.t] 
+  11.2 

Nov. 

26 

—3,20 

Greenwich, 
Cambridge, 

[23"  24-] 

1836 

July     22 
July     25 

—3.80 
—3.60 

7 
3 

—3.84, 
—3.80, 

— 10.5 
—  8.9 

3 

—9.5, 
—9.9, 

[-65.3] 
— 6(J.5 

[+11,6] 
+  11.8 

July 

23 

— 3.8C 

—9.6 

Greenwich, 
Konigsberg, 
Cambridge, 
Edinburgh, 
Vienna, 

[22''  20-"] 

Ang. 
Aug. 
Aug. 
Aug. 
Aug. 

24 
30 
16 
19 
20 

—3.78 
—3.63 
—3.78 
—4.00 
—3.17 

7 
5 

12 
9 
1 

—3.82, 
— 3.C3, 
—3.97, 
— 4,10^ 
—3.81, 

—  9.3 

—  9.3 
—12.5 

8 

12 

7 
1 

—10.3,, 
—  9.3, 
—U.r\ 

[-54.  C] 
-58.8 

[+11.6] 
+11.5 

Aug. 

23 

—3.87 

—9.6 

Greenwich, 
Cambridge, 
Edinburgh, 
Vienna, 

[23"  16"] 

Sept. 
Sept. 
Sept. 
Sept. 

13" 
16 
16 
15 

—B.11 
—3.70 
—4.01 
—3.59 

7 
10 
8 
9 

—3.81, 
—3.80, 
-4.02, 
—3,63, 

^3^87" 

—  8.S 

—  8.4 

—  8.6 
—10.4 

6 
10 

9 

—9-4° 

[-58.4] 
—56,2 

[+11.6] 
+12.1 

Sept, 

15 

—8.8 

Greenwich, 
Cambridge, 
Edinburgh, 
Vienna, 

[22"  IS"-] 

Oct. 
Oct. 
Oct. 

Oct. 

12 
16 
15 
11 

-3.67 
—3.51 

—4.05 
—3.57 

1 
13 

8 
10 

—3.71, 
—3.70, 
—4.06, 
—3.61, 

—  8.G 

—  8.5 

—  7.9 
—10,3 

10 

-7.6, 
— 9.5„ 
—7.9, 
—9.2, 

[-51.8] 
—54.8 

[+11.3] 
+11.1 

Oct. 

15 

—3.77 

—8.6 

Greenwich, 
Cambridge, 
Edinburgh, 
Vieaaa, 

[22"  12'°] 

NoY. 
Not. 
Nov. 
Nov. 

13 
13 
11 
9 

—3.59 
—3.37 
—3,78 
—3.56 

11 
8 
S 
3 

—3.63, 
—3.56. 
—3.79, 
—3.60. 

—  9,1 

—  7.9 

—10.2 

11 

7 
3 

—8.1,, 
—8.9, 

[+11.1] 
+  11.0 

Nov. 

13 

-3.63 

—8.5 

—53.8 

Cambridge, 
Edinburgh, 

[22"  13'"] 

Dec. 

Dec. 

12 
13 

—3.40 
—3.39 

7 
5 

—3.59, 
-3.30, 

—  8^8 

7 
3 

—9.0, 
^8.9 

[—50.0" 
—51.5 

[+10.9] 
+10.1 

Dec. 

12 

—3,53 

Greenwich, 
[23"  40'"] 

1837 

July     22 

—4.23         4 

-4,20. 

—13.4 

4 

—12.5 

[-62.9] 
—63.2 

[+11.5] 
+12.0 
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THE    ORBIT    OF    URANUS. 


Mea«  Co.uect,ox. 

TO  THE  EpHEMERIS  OF  UrANUS. 

—  Continued.                              1 

Obserred 

U3  in  Il,A, 

Observed 

orrectlODS  tn  Dec. 

Corr.  to  Geocentrio 

Observatory. 
[K,  A.  of 

Mean  dates. 

Uranus.] 

Mean. 

No.  of 
obs. 

Corrected 

Mean. 

No,  of 
obs. 

CoiT^eted 

Longitude 

Latitude- 

1837 

s 

s 

" 

" 

" 

Greenwich, 

Aug.     18 

—iM 

10 

—4,33, 

—1.3.4 

10 

—  ]2,5,„ 

Cambridge, 

Aug.    18 

—4.09 

14 

—4,28, 

—12.6 

U 

— 13.4„ 

Edinburgh, 

Aug.    22 

— 4.i0 

e 

—4.40, 

—12.7 

6 

-13,7„ 

Paris, 

Aug.    14 

— 4.3i 

9 

-4.33, 

—12.0 

10 

— 11.4,„ 

Aug.    25 

— 4,29 

4 

— 4.33„ 

—12.6 

4 

-11.6, 

[-62,9] 
—64,1 

C+11-^] 

-1-13.2 

[22-  36-] 

Ang     18 

—4.33 

—12.5 

Greenwich, 

Sept.     It 

—4.23 

14 

-4,26,, 

—13.4 

14 

—13.5,, 

Konigsberg, 

Sept.     11 

—4.10 

8 

-4,13„ 

Cambridge, 

Sept.    17 

—4.06 

14 

—4,25, 

— U.9 

15 

—12,7,. 

Edinburgh, 

Sept.    10- 

—4.39 

4 

—4,39, 

—11.5 

3 

—11,5, 

Paris, 

Sept.     18 

—4.20 

12 

—4.19, 

—12.3 

13 

—11,7,, 

Vienua, 

Sept.     13 

—4.12 

5 

—4,15, 

—13.9 

5 

—12,9, 

[-61.7] 
—62.3 

[+11,6] 
+  11.5 

[22''  as-] 

Sepr"  IC" 

—4.21 

—12,3 

Greenwich, 

Oct.      16 

—4.13 

11 

-4.16, 

—12,9 

11 

—13.0,, 

Cambridge, 

Oct.     17 

—4.00 

10 

—4,19, 

-11,6 

11 

—12.4,, 

Paris, 

Oct.      17 

—4.05 

4 

—4.04^ 

—11.3 

4 

—10.6, 

Vienna, 

Oct.      IS 

—4.44 

2 

—4.47! 

—15.5 

2 

-14.5t 

[-59.8] 
—61,5 

[+11.4] 
+  11,3 

[22"  28"'] 

Oct.      17 

—4.16 

—12.0 

Greenwich, 

Nov.       8 

—4.10 

5 

—4.13, 

—12,4 

5 

—11,55 

Cambridge, 

Nov.       i 

— ;-j.9fi 

4 

—4.15, 

—12.3 

3 

—13,1, 

Paris, 

Nov.       fi 

—4.07 

3 

—4.06, 

—11.3 

3 

—10,7, 

Vienna, 

Nov.       2 

—4.09 

2 

-4,12i 

—12,9 

2 

-11, 9i 

"—59.0] 

C+I1.2] 

[32>.  2T"] 

Nov.       fi 

—4.11 

— ll.T 

—60.7 

+11.3 

Greenwich, 

Bee.       2 

—4.05 

2 

—4.  OS, 

—14.0 

2 

—  13.1, 

Cambridge, 

Nov.     30 

-3.87 

6 

—4,063 

—11.6 

7 

—  12.4, 

Paris, 

Dec.       8 

—4.03 

7 

—4,02, 

-10.9 

7 

— 111.3, 

Vienna, 

Dec.       8 

—4.28 

2 

—  i,31s 

-13.0 

2 

— I3.O1 

[—57.1] 

C+11-0] 

[23-  28"] 

Dec.       5 
1838 

—4.05 

—11.6 

—59,9 

+11.1 

Greenwich, 

Aug,     30 

—4.72 

11 

—4,76, 

—15,9 

11 

—15.1,, 

Konigsberg, 

Aug.    25 

—4.65 

5 

—4,65, 

—18.6 

5 

-IT.G, 

Cambridge, 

Aug.     19 

— 4,fi7 

11 

—4,78, 

—15.8 

12 

—16.3,, 

Edinburgh, 

Aug.     25 

-4.96 

3 

—4.95, 

—15.0 

4 

—15,0, 

Paris, 

Aug.    20 

—4.80 

9 

-4,70, 

-16.6 

9 

—16,0, 

[_70,9]  r4-ll,71  1 

[22"  61"] 

Aug.     21 

"-4,76 

-15,8 

—71,4 

+  12,3 

Greenwich, 

Sept.    12 

—4.62 

8 

—4,66, 

—16.2 

8 

—15,4, 

Konigsbei^, 

Sept.     16 

—4.65 

14 

— 4.67„ 

—18,5 

14 

—17.5, 

Cambridge, 

Sept.-  16 

—4.61 

11 

—14,9 

12 

— 15,4j, 

Edinburgh, 

Sept.    15 

—4.74 

9 

-4.73, 

—15.8 

1 

—15,8, 

Paris, 

Sept.     12 

—4.71 

6 

—4.70, 

—16.0 

6 

—15.4, 

Vienna, 

Sept.    11 

—4.71 

13 

—4.73, 

—18,1 

12 

—17.1, 

Berlin, 

Sept.      6 

-4,72 

T 

—4.74, 

—17,5 

1 

— 16.5, 

[-10.4] 
-70.7 

[+11.7] 
+12.0 

[23"  47"] 

Sept.    15 

—4.  TO 

—16.0 
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THE   ORBIT   OP   URANUS. 


Mean  Corrections 

TO  THE  Ephemehis  of  Ukantjs. 

—  Continued. 

Observed 

orrecti 

as  ill  R.A. 

OLserved 

orreeti 

ons  iQ  Dec. 

Corr.  to  Geooentrio 

Observatory. 
[R.  A.  of 

Mean  dates. 

UranusJ 

Mean. 

No,  of 

0l)S, 

Cnrre.-!ed 

M«... 

No,  of 
obs. 

Corrected 

Lotigitnde 

Latitude, 

1838 

g 

g 

" 

" 

" 

Greenwieli, 

Oct. 

15 

— 4.G7 

7 

-4.71, 

—15.5 

7 

—14.7, 

Cambridge, 

Oct. 

17 

—4.49 

7 

—4.60, 

—15.3 

6 

—15.8, 

Edinburgh, 

Oct. 

IG 

—4.56 

12 

—4.55, 

—15.0 

8 

-15.0 

Paris, 

Oct. 

IG 

— 4.fi6 

7 

—4.65, 

—15.9 

7 

-15.3, 

Vienna, 

Oct. 

14 

—4.66 

9 

—4.68, 

-11.3 

9 

-16..% 

'— G8.6] 
—69.7 

[+11.5] 
+  10.8 

[22-  U-] 

~Oct~ 

IG 

"^Tei^ 

—16.3 

Greenwifli, 

Nov. 

!) 

—4.52 

G 

-4.5G, 

-IG.O 

G 

-15.2, 

Cambridge, 

Nov. 

16 

—4.37 

10 

—4.48, 

—15.1 

9 

-15.6, 

Edinburgh, 

Nov. 

U 

—4.70 

8 

—4.69, 

—17.4 

2 

—17.4, 

Vienna, 

Nov. 

1 

-4.93 

4 

— 4.95i 

—18.3 

4 

—17.3, 

[-66.9] 
—68.8 

[+11.3] 
+  10.9 

[22-  42"] 

Nov. 

~lT 

—4.58 

..'.. 

—15.8 

Greenwich, 

Dec. 

9 

—4.60 

2 

— 4.G4. 

—15.9 

2 

—15.1, 

Cambridge, 

Dec. 

15 

—4.96 

5 

—4.37. 

—15.1 

1 

— 15.G, 

Edinburgh, 

Dec. 

17 

-4.18 

3 

—4.17; 

-14.7 

1 

—14.7, 

Paris, 

[22''  43''] 

Dec. 

5 

—4.40 

7 

—4.39, 

—15.1 

7 

-14.5, 

■ 65  8] 

[+11.11 
+10.4 

Doc. 

10 

— 4.3S 

—15.0 

—65.7 

1839 

Greenwich, 

Aug. 

22 

-5.98 

5 

—5.32, 

-91.3 

5 

—20.6, 

Cambridge, 

Aug. 

24 

—5.11 

8 

—5.22, 

—90.7 

7 

—91.0, 

Paris, 

Aug. 

23 

-5.20 

3 

—5.19,, 

— 20.T 

3 

—20.1, 

Edinburgh, 

Aug. 

25 

—5.2! 

3 

—5.20; 

[-79-71 

—79.7 

[+11.7] 
+  11.0 

[23-  6»] 

Aug. 

23 

—5.22 

—20.7 

Greenwich, 

Sept. 

10 

—5.14 

12 

—5.18, 

—21.0 

13 

—20.3,, 

Konigsberg, 

ScpL 

12 

— 5.U 

13 

-5.13, 

—21.7 

12 

—90.7, 

Berlin, 

Sept. 

10 

—5.10 

14 

—5.11, 

—21.1 

14 

—20.1, 

Cambridge, 

Sept. 

17 

—5.12 

11 

— 5.23j 

—20.0 

10 

— 30.3,„ 

Paris, 

Sept. 

14 

—5.23 

10 

—5.23. 

—20.7 

10 

—20.1,0 

Edinburgh, 

Sept. 

16 

—5.16 

17 

—5.155 

—20.5 

5 

—20.5, 

Vienna, 

Sept. 

17 

—5.32 

9 

—5.33, 

—30.8 

9 

-19.8, 

[-79.0] 
—78.8 

[+11.6] 
+  11.0 

[23-  3"'] 

Sept. 

14 

—5.17 

—20.3 

Greenwich, 

Oct. 

12 

—5.18 

5 

—5.22, 

—20.3 

6 

-19.5, 

Cambridge, 

Oct 

15 

—5.07 

8 

—5.18. 

-19.2 

5 

—19.5, 

Edinburgh, 

Oct. 

15 

—5.14 

10 

—5.13, 

—19.9 

8 

—19.9, 

Vienna, 

Oct. 

10 

—5.17 

13 

—5.18, 

—20.5 

13 

—19.5, 

[-77.43 
-78.7 

[+11.5] 
+  11.8 

[22-  SO-"] 

Oct. 

14 

—5.18 

— 19.G 

Greenwich, 

Nov. 

19 

-4.98 

6 

—5.02, 

—20.2 

6 

—19.5, 

Cambridge, 

Nor. 

19 

—4.85 

6 

—4.96, 

—19.1 

5 

—19.4, 

Paris, 

Not. 

9 

—4.99 

2 

—4.98, 

—20.4 

3 

-19.8, 

Edinburgh, 

Not. 

11 

—4.90 

3 

—4.89, 

—18.3 

1 

—18.3, 

[-75.3] 

—75.7 

[+11.3] 
+10.4 

[22-  5r] 

Not. 

14 

—4.97 

—19.4 

Greenwich, 

Dec. 

6 

—4.84 

2 

—4.88, 

—19.0 

2 

-18.3, 

Cambridge, 

Dec. 

15 

—4.83 

5 

—4.94, 

—19.1 

2 

—19.4, 

Paris, 

Dec. 

3 

—4.90 

3 

—4.89,, 

-17.8 

3 

—17.2, 

Edinburgh, 

Dec. 

28 

—4.96 

i 

—4.95, 

—18.5 

3 

—18.5, 

[-73.9] 
—74.6 

[+11.0] 
+11.3 

[22-  5T-] 

Dec. 

12 

—4.02 

—18.2 
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Mean  Coereotions 

I'O  TH 

Epheme 

Ris  OF  TTranus.- 

—Gontinued. 

Observed  c 

rreolio 

09  in  R,  A. 

Observed  c 

orreoti 

a&  in  Deo. 

Corr.  to  Geocentric 

ObserTatory. 

[R,  A.  of 

Mean  dat«s. 

Uranus.] 

Mean, 

No,  of 
obs. 

Corrected 

Mean. 

No,  of 

obs. 

Correoted 

Longitude. 

Utitnde. 

1840 

s 

'        s' 

/' 

" 

" 

" 

Greenwich, 

Aug. 

U 

—5.77 

11 

—5. SI, 

—24,5 

11 

—23.9,, 

Oatiibridge, 

Aug. 

14 

— 5.fi4 

1 

-5.73t 

—25.0 

1 

—25.2, 

Edinburgh, 
[33"  20™] 

Aug. 

31 

—5.65 

1 

—5.64; 

—23.8 

1 

—23.7, 

[-87.9] 
—88.8 

[+11.4] 
+11.9 

Aug. 

le" 

—5.78 

—23.9 

Grccnwieh, 

Sept. 

15 

-5,66 

8 

—5.70, 

—24,0 

8 

— 23.4„ 

Kouigsbci-g, 

Sept. 

13 

— 5,t4 

6 

— 5.76, 

—25,1 

6 

—24.1^ 

Cambridge, 

Sept. 

12 

—5,43 

1 

— 5.52j 

Edinbuigb, 

Sept. 

16 

—5,70 

13 

—5,69. 

—24.6 

9 

-24.5, 

Paris, 

Sept. 

6 

—5,60 

4 

—5.59, 

—23.6 

4 

—23.0, 

Berlin, 

Sept. 

14 

_5.45 

2 

— 5.45i 

—26.3 

2 

—25.3, 

Vienna, 

Sept. 

9 

—5.76 

2 

— 5.76f 

—22.2 

2 

—21.2; 

[-87.6] 

[+11.5] 

[33-  18-] 

Sept. 

"TT 

—5.69 

~— 23.8 

—87.5 

+11.4 

Greenwich, 

Oct. 

10 

—5.61 

9 

—5.65, 

—24,5 

9 

—23.9, 

Cambridge, 

Oct. 

0 

-5.49 

5 

—5.58, 

—23.5 

5 

—23.7, 

Edinburgh, 

Oct. 

15 

—5.64 

12 

—5.68, 

—23.3 

10 

— 23.a„ 

Paris, 

Oct. 

11 

—5.60 

4 

"5.59 

—23,3 

4 

—22.7, 

Berlin, 

Oct. 

27 

—5.50 

1 

-5.50; 

—22,8 

1 

—21.8, 

Vienna, 

Oct. 

19 

—5.76 

5 

—5,76; 

—22.5 

4 

—21,5, 

—85.8] 

[+11.4] 
+11.2 

[23"  14™] 

Oct. 

I2' 

—5.62 

—23.3 

—86.3 

Greenwich, 

NoF. 

6 

—5,58 

7 

—5,62, 

-23.5 

6 

—22.9, 

Cambridge, 

Nov. 

3 

—5.34 

2 

—5.43, 

—24.2 

1 

—24.4, 

Edinburgh, 

Nov. 

17 

—5,41 

8 

—5,40, 

—22.9 

1 

—22.8, 

Paris, 

Nor. 

4 

—5.53 

3 

—5.51, 

—36.1 

3 

—25.5, 

Vienna, 

Nov. 

15 

—5.42 

6 

-5.42; 

—33.3 

6 

—22,2, 

[-83.7] 
—84.4 

'+I1.3] 

[33"  12™] 

Nov. 

~T 

—5.48 

—23.3 

'■XlO.3-' 

Greenwich, 

Dec. 

3 

—5.36 

8 

—5,40, 

—23,5 

9 

—22.9, 

Cambridge, 

Dee. 

3 

—5.38 

2 

-5.47; 

—22.5 

2 

—22.7, 

Edinburgh, 

Dee. 

15 

—5.49 

3 

—5,48, 

—22.6 

2 

—22,5, 

Vienna, 

Dec. 

4 

—5,50 

1 

■—82. 2] 

[+11.0] 

+10.4 

[23-  12-: 

Dec. 

e 

—5.44 

—22.8 

—83.7 

1S41 

Greenwich, 

Aug. 

20 

-6.16 

5 

—6.20, 

—28,6 

5 

—28.1; 

Paris, 

Aug. 

19 

—6.14 

2 

—6.13, 

-29.6 

2 

—29.0, 

"—96.9] 

[+11.3] 

[23''  3r] 

Aug. 

20 

—6.18 

—28.3 

-96.2 

+10.6 

Greenwich, 

Sept. 

—6.16 

10 

—6.20, 

—29,0 

10 

— 28.5,„ 

Konigsberg, 

Sept. 

-6.18 

5 

—6.18, 

—30.1 

5 

—29.1, 

Berlin, 

Sept. 

—6,14 

7 

—6.14, 

—29,6 

7 

—28.6, 

Edinbnrgh, 

Sept: 

—6.11 

7 

—6.15, 

—28.2 

5 

—28.0, 

Paris, 

Sept. 

—6.16 

5 

—6.15, 

—29.0 

3 

—28.4, 

Vienna, 

Sept. 

— 6.3T 

11 

—6.37, 

—30.3 

11 

—29.3. 

[-96.5] 
—96.3 

[+11.4] 

+  10.4 

[33''  33"] 

Sept 

13 

—6.18 

—28.5 
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Mea 

^   OoitRECTlONS 

TO  TII 

Ei'oEMERis  OF  Uranus.- 

—Continued.                              1 

^~ 

ObaBrved 

orrecll 

na  in  R.A. 

Obser^-pd 

orrecti 

us  iu  Deo. 

Corr.  to  GeotButrio 

ObserFatory. 
[R.  A.  of 

M^jLii  d.ites. 

Uranus.] 

M«an. 

No.  of 

CorrMted 

M«an. 

No.  of 

ob3. 

Corrected 

Longituds. 

Latitude. 

1841 

9 

s 

" 

" 

" 

" 

Grocnwicli, 

Oct. 

It 

—6.09 

7 

—6.13, 

—28.2 

7 

—27.7, 

Berlin, 

Oct. 

20 

—5.87 

2 

—5.87, 

-28.2 

2 

—27.2, 

Edinburgh, 

Oct. 

13 

—6.00 

—6.04, 

—27.3 

4 

-27.0. 

Paris, 

Oct. 

31 

—6.10 

—6.09, 

—27.2 

1 

—26.6, 

Vienna, 

Oct. 

10 

—6.14 

—6.14, 

—28.8 

9 

—27.8, 

■__<)4.6] 

[  +  11.2] 
+  10.5 

[23''  28"] 

Oct. 

IS  ■ 

-6.06 

— 27.4 

—94,1 

Greenwich, 

Nov. 

IT 

—5.95 

—5.99, 

—28.0 

5 

—27.5, 

Berlin, 

Nov. 

lli 

— G.15 

—6.15. 

-28.4 

2 

—27.4, 

Edinburgh, 

Nov. 

2 

—5.89 

—5.93, 

—26.5 

4 

—26.3. 

Vieniia, 

Not. 

11 

—5.98 

—5.98, 

—30.0 

i 

-29.0, 

[-92.0]  [+11.0]| 

[23''  3C"'] 

Nov. 

13 

—6.01 

—27.2 

—93.3 

+10.4 

Greenwich, 

Dec. 

14 

—5.86 

—5.90, 

—27.4 

8 

— 26.9j 

Berlin, 

Dec. 

15 

—5.60 

—5.60, 

—25.5 

3 

— 34.5, 

Edinburgh, 

Dec. 

20 

—5.68 

—5.73, 

Paris, 

Dec. 

15 

—5.78 

—5.77, 

-20.7 

4 

—26.1, 

[-90.5] 

[+10.7] 

[33"  2G-] 

Dec. 

llj 

—5.78 

... 

—20.3 

—89.9 

+  9.8 

1842 

Greenwich, 

Aug. 

Ifl 

— fi.(i3 

—6.64, 

—32.1 

6 

—31.75 

Cambridgfi, 

Aug. 

24 

—6.48 

— G.55, 

—33.7 

2 

—33.0, 

[—105,6] 

[+1'-1] 

[23"  51"] 

Aug. 

21 

—6,61 

—32.0 

—103.6 

+10.0 

Greenwich, 

Sept. 

12 

—6.55 

-6.57, 

—33.3 

4 

—31,8^ 

Konigsberg, 

Sept. 

18 

—6.69 

10 

—6.69, 

—33.4 

10 

—32.4, 

Berlin, 

Sept. 

11 

—6.7(1 

—6.69, 

—31.7 

3 

—30.7, 

Paris, 

Sept. 

14 

—6.65 

—6.64, 

—33.1 

5 

— 31.5j 

Cambridge, 

Sept. 

14 

—6.60 

13 

-6.67, 

—31.9 

14 

—32.2,, 

Edinburgh, 

Sept. 

23 

—6.57 

— e.59. 

—30.9 

4 

—30.6, 

Pulkowa, 

Sept. 

n 

—6.63 

—6.64, 

Vienna, 
[33''  47"] 

Sept. 

19 

—6.81 

— 6.80i 

—33.5 

2 

—32.5, 

[-105.4] 
-104.3 

[+11.2] 
+  10.3 

Sept. 

16 

—0.66 

—32.0 

Greenwich, 

Oct. 

20 

—6.60 

12 

—6.68, 

—31.8 

12 

— 31,4i, 

Berlin, 

Oct. 

33 

-6.54 

—6.53, 

-30.7 

4 

—29.7, 

Paris, 

Oct. 

17 

—6.64 

12 

—6.63, 

—31.5 

9 

—30.9, 

Cambridge, 

Oct. 

17' 

—6.60 

11 

-6.67, 

—31.4 

10 

— 31.7,„ 

Edinburgh, 

Oct. 

15 

-6.57 

13 

—6.59, 

—31.1 

8 

—30.8, 

Vienna, 
[23"  44™] 

Oct. 

10 

—6.74 

—6,7:!; 
—6.04 

—34.6 

5 

—33.6, 

[-10.3.6] 
-103.7 

[+11.0] 
+10.9 

Oct. 

~lt" 

—31,2 

Greenwich, 

Nov. 

23 

-6.35 

-6.38, 

—31.0 

7 

—30.6, 

Berlin, 

Nov. 

8 

—6.42 

— 6.41) 

—30.2 

2 

—29.2, 

Cambridge, 

Nov. 

n 

—6.40 

—6.47, 

—30.7 

7  ■ 

—31.0, 

Edinburgh, 

Nov. 

16 

—6.39 

— 6.32j 

VieDna, 
[23"  42^] 

Nov. 

20 

-6.39 

>-■ 

-6.S8; 

—30.0 

2 

— 29.0i 
-30,0 

[— 100.8]  r+10.8]l 

Nov.     Ill 

—0.41 

—100.2 

+  10.0 

18      May,  1873. 
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—  Continued. 

ObaerTstOry. 
[R.  A.  of 

mesa  dates. 

ObRtfTea 

orrecti 

ua  in  R.A. 

Observed 

orrectlons  in  Dec. 

Moan. 

No,  of 
(.Us. 

Corrected 

Mean. 

Ko.of 
obs. 

Correited 

Longitnde 

Latitude. 

Greenwich, 

Berlin, 

Paris, 

Cambridge, 

Edinburgh, 

Pulltowa, 

[23"  il-] 

1842 

Dec.     16 

Dec.      10 
Dec      U 
Dec.     16 
Dee.     13 
Dec.     13 

e 
^6.31 
—6.16 
—6.23 
—6.23 
—6.25 
—6.28 

8 
4 
5 
9 

2 
3 

—6.33, 
—6.15, 
-6.22, 
—6.29. 
—6.18, 
—6.28, 

-30,3 
—31.4 
—30,9 
—30.1 

8 
4 
5 

8 

—29.8, 
—30.4, 

—30.3; 

—30.4, 

[—  g8.9' 
_  98.2 

[+10.5] 
+  9.6 

Dee. 

15 

-6.27 

—30.2 

Edinburgh, 

1843 

Jan.        9 

—6,32 

7 

— fi.25 

—31.4 

4 

—31.0 

[-  97.5] 
—  98.2 

[+10.3] 
+  8.6 

Greenwich, 
Paris, 

[0"  6'"] 

Aug. 
Aug. 

20 
21 

—7.11 
—7.20 

7 
3 

—7.043 
—7.19^ 

—7.10 

—35.1 
—37.5 

1 
5 

—34.7, 
— 37.I5 

[-114.3] 
—111.9 

[+10.'] 

+  9.6 

Aug. 

20 

—35,7 

Greenwich, 
Paris, 
Edinburffli, 
Pulkowa, 

[0"  3™] 

Sept. 
Sept. 
Sept. 
Sept. 

n 

15 
18 

22 

—7.23 
-7.17 
—7.26 
—7.18 

9 
11 

7 
10 

-7.16, 
—7.19, 
— 7.18,„ 

—1.11 

—35.4 
—36.8 
—36.8 

9 
14 

5 

—35.0, 
—36.2,, 
—36.4, 

—35.8 

— IH.li 
—112.9' 

[+10.6] 
+10.0 

Sept. 

19 

Greenwich, 

Paris, 

Edinburgh, 

[33"  59»] 

Oct. 
Oct. 
Oct. 

18 
17 
17 

-7,10 
-7.07 
— 1.05 

10 
6 
12 

—7.03, 
—7.06, 
—6.983 

—35.3 
— 3T.1 
—35.1 

10 
5 
5 

— 34.9,„ 
—36.5, 
—34.75 

[-112.6] 
—110.6 

[+10.5] 
+  9.6 

Oct, 

U 

—7.02 

—35.2 

Greenwicli, 
Konigsberg, 
Paris, 
Rdinljurgh, 

[23'-  56™] 

Nov. 
Nov. 
Nov, 
Nov. 

20 
U 
15 

15 

—7.01 
—6.84 
—7.03 
—0,93 

9 
5 
3 
8 

—6.943 
—6.83. 
—7.03, 
-6.86, 

—6.90 

—34.3 
—34,4 
—.36,3 
—35.7 

9 
5 
3 

—33.9, 
—33.4, 
—35.7, 
-35.3. 

— IIO.I] 

—108.6 

[+10.4] 
+  9.6 

Nov. 

15 

—34.5 

1344 

Greenwich, 
Edinburgh, 
Paris, 

[23"  5e"] 

Jan. 

Jan. 

10 
3 

—6.70 
—6.67 
-6.72 

3 

6 
2 

—6,64, 
—6.60, 
—6.71, 

—6.64 

—34.1 
—35.5 

3 

2 

—33.7, 
-34.9, 

—106.1] 
—105.0 

[+  0.9] 
+  8.2- 

Jan. 

7 

—34.2 

Greenwich, 
Paris, 

ro"  22"'] 

Ang. 
Aug. 

19 
17 

-7,73 
—7. TO 

10 
3 

~7,0T, 
—7.69, 

—7.68 

—39.6 
—40.0 

10 

-39.3,, 
—39.4, 

—123.3] 
—121.2 

[+10.8] 
+  9.6 

Aug. 

18 

—39.2 

Greenwich, 
Edinburgh, 
Kdnigsberg, 
Paris, 

[0"  18"] 

Sept. 
Sept. 
Sept. 
Sept. 

25 
19 
17 
10 

-7.74 
—7.67 
—7.65 
— 7.G3 

11 
11 

10 
10 

-7.68. 
—7.60, 
-7.64, 
—7.63, 

-39.9 
—40.3 
—40.7 
—39,4 

11 
10 
10 
15 

—39.5,, 
— 39.8,„ 
—39.7, 
— 38,8,j 

—122.6] 
—120.6 

[+10.3] 
+  9.3 

Sept. 

17 

— T.63 

-39.3 
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Mean  Correotionb  to  the  Ephemeris  of  UoAsua, — Continued. 


Obaervatnry. 
[R.  A.  of 
Utatiua.] 


Meau.       No.  of   Corrected 


Observed  con^ctions  in  Deo. 


No.  of  Correoted 


Corr.  to  Geoceiitrio 


Longitude.     Latitude. 


Greenwich, 
Edinburgh, 

[0"  15"] 

Greenwich, 
Edinburgh, 

[0-  12"] 

Edinburgh, 
Paris, 

[0''  10"] 


[0"  ll"] 

Greenwich, 

Greenwich, 
Konigsberg, 
Paris, 

[0"  33"'] 


[0^  29-] 


Green  wieh, 

[0-  2r] 


Greenwich, 
[0''  25"'] 


Greenwich, 
Paris, 

[0''  50"] 

Greenwich, 
Riinigsberg, 
Paris, 

[0''  46"] 


[0''  4]^] 


1844 

Oct.     IT 
Oct.      13 


Jan.  14 

Aug.  25 

Sept.  18 

Sept.  30 

Sept.  14 


Sept. 

22 

Oct. 
Oct. 

n 

21) 

Oct. 

18 

Nov. 

9 

Dec. 

14 

1846 

Sept.      8 
Sept.    12 

Nov. 
Nov. 


-7.08 
-8.U, 


-8.08 


-43.3 
-49.2 


-8.IO3  —4(5.8 
-8.61j  —44.8 
-8.68,    —46.7 


-39.0 
-38.3., 


[—131.5]  [+10.2] 
120.0   I  -I-  9.4 


[— 118.3] '[+  9.9] 


—43.2,, 
—43.4, 

—43.3, 


—42,3 
—43.9 


—46.4, 
—43.8, 
—46.1  J, 

^45.8 
— 4fi.4, 


[—114.0] 
.112.5 


[_131.0] 

139.1 


[+  9,6 
+   1.1 


[-128.4]  [+ 
— 12G.9    l[+ 


[-134.8]  [-^ 
133.8      + 


[_139.9]  [+  9.2] 
—138.2       +  8,3 


[_139.T]  [+  9.2] 


-i3r>.8] 

-135.1 


[+  SO] 
+  T.6 
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Obsari-atory. 
[R.  A.  of 
Uranua.] 


[0''  sr] 

Greenwich, 

[0"  40-"] 

GreeDwicii, 
[1"  6-] 

Greenwich, 
Paris, 

[1-  S-] 

Greenwich, 
Paris, 

[0"  51™] 

Greenwich, 
Paris, 

[0"  54"T 
Greenwich, 


Greenwich, 
Paris, 

Greenwich, 
Paris, 

[!>■  15-] 


[1"  11-] 
Greenwich, 

[1"  9-1 
Greenwich, 

[1^  g-] 


Dec.     K 
1847 

Jan.     i; 


Jan. 

12 

Sept. 

3 

Oct. 
Oct. 

12 

Oct. 

10 

'Sov. 
Nov. 

3 
V2 

Nov. 

8 

Dec. 
■Dec. 

3 
12 

Sept. 
Sept. 


Sept. 

U 

Oct 

^•^ 

Oct. 

11) 

Oct. 

n 

Nov. 

^:i 

Nov. 

V6 

"Nov, 

13 

Dec. 

H 

Dec. 

.  y 

1849 
Jeo.       f 

Jan.      1! 


No.  of   Corrected 


-8.24, 
-8.21) 


-8.15 
-O.IG 


-9,21, 
-9.21 


-9.53, 
-9,59 


Mean.      Nn.of  Corrected 


—51.2 
—50.0 


-45.(5 
-42,  T, 


-44.0 
-49.0 


-47.0, 
-46.9 


-51.9. 
-51.63 


-51.8 
-50.8, 


Corr,  io  Geocenti  ii 


-134.5] 
-131.1 


-130.9] 
-129.6 


-148.4] 
-144.9 


-148.0] 
-145.5 


~U3.0] 
-140.6 


-139.4] 
-136.2 


-15fi,4] 
-154.2 


-154.6] 
-151.8 


[+8.9] 
+C.5 


[+8.6] 

+7-4 


[+S.7] 
+6.8 


[+8.7] 
+7.8 


[+8.5] 
+7.2 


[+8.3] 
+  6.8 


[+8.1] 
+6.0 


[+8.0] 
+7.5 


[48.0] 
+6.9 


[+8.0] 
+6.3 


+6.2 


[+7.5] 
+6.0 
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THE   OEEIT   OF   URANUS. 


Mean  Corrections  to  the  Ephemeris  of  Ukanus. 


Greenwich, 

:i>  34-] 

Greenwich, 
Paris, 

P'  30-] 

Greenwidi, 
Paris, 

[I>  2C-.1 

Greenwich, 

[1"  24-] 
Greenwich, 

[1>  24-] 

Greenwidi, 
[1>  63-] 

Greenwich, 
Paris, 

tl»  47-] 
Greenwich, 


Konigsbcrg, 
[!■  41-] 


Greenwich, 
[l""  41'°] 

Greenwich, 
Konigsberg, 
Paris, 

p. ,.] 

Konigsberg, 
[2''  a™] 


1849 

Sept.    IG 


Dec.       { 
1851 


Sept.  11 
Sept.  19 
Sept.    U 


Sept.    U 
Oct.      23 


Obaerved  oorrectiona  in  Dec. 


-11.42 
-11.4! 
-11.59 


No.  of   Corrected 


-  9.86, 

-  9.9a 


-   9.U 
-10.83 


-10.81 


-11.44, 
IlT.56 


-5.^.7 
-51.5 


-53.8 
-54.  O3 


Corr.  to  Geooeutrio 
Longitude.    Latitnde. 


[+1(55.1] 

+i60.a 


[_104,4] 
lOl.O 


—63.5 
—53.5 


—55.4 
— 54.C„ 


—55.8 
— 5T.4 


[^l-i3.3] 


C-n2.4] 


[—1119.0] 


[—163.5] 
1C0.4 


[—180.0] 


[+7.3] 
+0.2 


[+7.4] 
+6.8 


[+7.3] 
+G.0 


+5.1 


[+6.4 
+5.3 


+5.6 


[+6.3 

+5.a 


[+C.0] 
+3.5 


[+5.7] 
+4.4 


[+5.8] 
+4.3 
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THE   OEBIT   OF   TEANCS. 


Mean  Corrections  to  the  Ephemeris  oe  Uranus.— CoiiiiHHcd. 

Observatory. 
[B.  A.  of 
Oraaa,.] 

Meau  dates. 

Observed  correetio 

IIS  in  R.A, 

Observed  0 

rreotioQS  in  Dec. 

Corr.  to  Geocentric 

Mean. 

No.ot 

ObS. 

Corrected 

M.a. 

No.  of 

Corrected 

Loiigitnde. 

Latitude. 

Greenwich, 
Paris, 

[2-  0-] 

Greenwich, 
Paris, 

tl«  58-] 

Greenwich, 
Pari.,, 

[1-  64-] 

Grecnwicii, 
Paris, 

[1-  54-] 

Greenwich, 
[2'  22-] 

Greenwich, 
Paris, 

[-2'  18-] 

Greenwich, 
Paris, 

[2-  14-] 

Greenwich, 
Konigsberg, 
Paris, 

[2'  10-] 

Greenwich, 
Paris, 

[2-  9-] 

Greenwich, 
Paris, 

[3"  39"] 

Greenwich. 

Paris, 

[2-  u-2 

1851 

Nov.       2 
Nov.       3 

—  11.50 
— 11.4S 

—11.43 
-11.39 

-11.15 
—11.00 

—10.85 
^10.89 

—12.00 

—12.2.3 
—12.06 

—12.00 
—12.08 

—11.12 
— ll.Gl 
— ll.U 

—11.42 
—11.46 

—12.69 
—12.58 

—12.69 

-12.66 

5 
2 

5 

1 

3 
3 

7 
5 

1 

8 
3 

5 
5 

T 
3 

5 

1 
i 

i 

3 

T 
6 

—11,50 

—  ii.4i;„ 

—11.49 

—11.43; 
— 11.3Ti 

—51.5 
—58.1 

—58.3 

—51.2 
—51.2 

—51.2 
—56.5 

—56.5 

—58.6 
-59.6 

—59.1 
—60.2 

—58.1 
—59.3 
—59.0 

—51.5 

—56.1 
_51.0 

—58.8 
—59.0 

5 
1 

5 

3 
3 

5 

1 

8 
3 

5 

—51-1, 

—51. 5, 

[-181.4] 
—178.1 

—119.9] 

— in.d 
[-H5.1] 

—172.3 

[-173.1] 
— 109.4 

[-181.4] 
—184.5 

[—189.0] 
—187.2 

[-188.9] 
-185.0 

[-184.8] 
—181.3 

[+5.»] 

+4.5 

[+5.0] 
+3.8 

[+5.3] 
+3.8 

[+5.2] 
+8.1 

[+4.9] 
+3.9 

[+«■'] 
+3.1 

[+4.'] 

+2.4 

[+4.0] 
+2.8 

[+4.4] 
+  2.0 

[+4.0] 

+2.5 

[+3.8] 
+  1.1 

Nov.       3 

Nov.     23 
Nov.     14 

-51.2 
— 57.9j 

—61.95 

—50.8, 
—50.6, 

—56.1 

-50.8, 
—55.9, 

—56.4 
—56.1 

—58.2, 
—59.0, 

Nov.     21 

Dec.     22 
Dec.      25 

—11.43 

— ll.l.'i, 
—10,98, 

Dec.     24 

1852 
Jan.     11 
Jan.      14 

Jan.      12 
Sept.     12 

Oct.      U 
Oct.      23 

— ll.OG 

—10.85, 
— 10.8T, 

—  10.86 
— 12.0fi, 

— 12.33„ 
—12.04, 

Oct.     ly 

Nov.     13 
Nov.     15 

—12.18 

—12.00. 
— 12.00, 

—12.03 
—11.12, 
-11.15, 

-11.42, 
—11.44. 

—11.43 

—12.6!) 
—12.56 

—58.4 

—59.3, 
—59.6, 

Nov.     14 

Dee.     19 
Dee.     16 

Dec.     19 

—59.4 

—58.3, 
—58.3, 
—58.4, 

Dec.      19 

1853 

Jan.      12 
Jan.      15 

—58.3. 
—51.1 

Jan.      13 

Sept.  n 

8ept.     IG 

—51,1 

— 56.3^ 
—56.4, 

—170.8 

[-194.0] 
—191.0 

[-190.7] 
-192.7 

Sept.    17 

Oct.     15 
Oct.      21 

_12.66 

—12.69 
-12.64 

—56.3 

—58.4, 
—58.4, 

— 58.4~ 

Oct.      23 

— 12.G6 
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THE    OEBIT   OP    UKANTTS. 


Mean  Corrections  to  the  Ephemekis  of  TTbantjs. — Continued. 


Observatory. 
\n.  A.  of 
UranuB.  ] 

Greenwich, 
Paris, 

[-2''  31"] 
Paris, 

Greenwich, 
Paris, 

ta-  25-] 


Greenwich, 
[2''  SS"] 


[2''  50"] 

Green  wiuh, 

Paris, 

Santiago, 

[2''  48"] 

Greenwich 

Paris, 

[2'  «-] 


Grcenwicli, 
[21'  42"] 


[3''  fl-] 

Greenwich, 

Paris, 

Santiago, 

P'  6-] 

Green  wicli, 

Paris, 

Santiago, 

p' "-] 


1854 

Jan.      13 
Jan.      20 

Jan. 
Feb. 

15 

Sept. 

21 

Observed  oorreclicms  in  R.A.   Observed  eorreotioti 


Moan.       No.  of    Corrected        Mean.      No. of  Corrected 


-13.33 
-13.31 

-13,20 


-12.93 
-13.14 
-12.85 


-13..S5 
-13.152 
-13.82 


-13.48 
-13.53 
-13.53 


-13.G5 
-12.26 


-11. 9() 
-11. «t 


-12.93, 
-13.12, 
-12.85, 


-13.85, 
-13.  GO, 
-13.82, 


-13.48, 
-13.50, 

-13.53, 


-51.8 
-56.0 


-58.2 
-58.1 
-58.7 


-5Y.S 
-5fi.fi 
-57.2 


-57.3 
-5fi.7 
-58.1 


—58.9 
—58.4 


—57.5, 
—58.5, 
— 58.L 


-58.1, 
-56.7, 
-59.1, 


-57.15 
-5fi:4, 
-56.6, 


Corr.  to  Geocentrii 


Longitude.  ,  Latitude. 


[—193.4] 

187. y 


[-188.1] 


t— 184.5] 
—182.1 


[—201.3] 
196.9 


[—203.0] 
199,1 


[—200.1] 


[+3.1] 
+  1.9 


[+3.6] 
-hi. 5 


[+3,5] 
-fO.l 


[+3-5] 
+0.7 


[+3.0] 
+  1.7 


[+2.8] 
+1.2 


[+2.t] 
+1.2 


[+2.6] 
+0.7 


[_iy4.n]    [+2.5] 
+1-1 


[—209.2] 
—204.9 


[—209.4] 


-56.7 

-56.8, 
-56.5, 

~^^-^'  [-206.2] 

_f.Y  n       _qn9  1 


[+1.8] 
+«■ 


[+1-1] 
—0.2 


C+l-< 
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THE   OltBIT   OF   TJRANrS. 


Mean  Corrections  to  the  Ephemeiiis  of  Uranus. — Contin 


No.  of    Corri^ctBd 


No  of  I  CorrectBd 


Loagituiie.    Latitude. 


Greenwich, 
Paris, 

[2"  SS"'] 


[3"  21-2 

Green  IV  icli, 
Paris, 

Greenwich, 
Paris, 

[3-  n"] 

Greenwich, 
Paris, 

[3>  15-] 

Greenwich, 
[3-  46-] 


Konigsberg, 
[3-  41-] 

Greenwich, 

Paris, 

KSnigaberg, 

[3''  SG-j 


1856 

Jan.      22 
Feb.      10 


Nov.     18 


Dec.     IS 
1857 


Not. 
Xov. 
Nov. 


Dec.  11 
Dec.  16 
Dec.       8 

Dee.     13 
1858 


-14.80 
-14.83 

-14. n 


-14.&5 
-14.48 
-14.56 


-13.66 
-14. G9 


-14.81, 
-14.81, 
-14.15, 


-14.56, 
—14.46, 
—14.54, 


—53.2 
—53.8 
— 53.T 


-55.4 
-53.3 


-190.5] 
-194.1 


_[-3] 


[+0.1] 


-54,1 
-55.4, 


-53.5 
-48.6 

— 50.8j 
—51.33 
—51,5,  I 

—51.2 

—52.7, 
—52.6, 
— 52.5i 


-214,1] 
-210.2 


[+0.1] 


[—0.3 


[-0,5] 


[3"  32'°.2] 


Feb.      11 
Feb. 


IS''  31™,  9] 

Greenwich, 
[4^  3-.  3] 

Greenwich, 
Paris, 

[3''  58™.  5] 


— 51.T 
-45,9 


.[— 2or.o] 

-203.1 


[—320.6] 


[-1.5] 
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THE    DEBIT   OF   HEANUS. 


Mean  Cokrectiohs  to  the  ErHEMEKia  of  XJrauvs.— Continued. 

Observatory. 
[B.  i   o( 

Mean  ilat«s. 

Obserijed  corrections  in  R.A. 

Obseired  corrections  in  Dec. 

Corr.  to  GBOceiitrio 

Mean. 

No.  of 

Corrected 

Mean. 

No, of  Corrected 

Latitude. 

Longitude. 

obs. 

mean. 

... 

mean. 

Grtenwkh, 
raris, 

[3'  63-.  6] 

1858 

Dw.     ]  R 

Dec.      If. 

Dcc7~16~ 

— 14.!IG 
— 14.7S 

6 

5 

—14,975 
— 14.70j 

—49.2 
— 4y.5 

C 
3 

—48.7, 
—49.3, 

"— 220.7] 
—215.1 

[-i.t] 

—4.1 

-14.87 

—48.9 

Grernwich, 
Paris, 

[3"  50°.0] 

1859 

Jan.      19 
Jan.      10 

—14.50 
—14.72 

4 

—14.57, 
-14.70, 

— 4S,9 

-48.2 

8 
4 

— 4S.4, 
—48.0, 

[-21fi,I] 
—211,5 

[~J-5] 

Jan.      16 

—14.61 

—48,3 

Orecowicli, 
Paris, 

[3''  49'°.3] 

Fel).     IS 
Feb.      1 1 

Feb.      If 

—14. IS 
—14.37 

5 
6 

—14. 19, 
— 14.35„ 

—48.1 

—48.3 

5 
4 

— 41.6i 
—48.1, 

[-310.9] 
—207.1 

[_l.r.] 

—3.4 

— 14.2S 

—47.8 

Groenwich, 

[4^  ao^.s] 

O.t.      55 

_15.4a 

G 

—15.44 

— 42.G 

6 

—42.1 

[-233.2] 
—219.6 

[-2.2] 
—5.5 

Greciiivich, 
Paris, 

[4>  1J-.2] 

No7.     18 
Xuv.     17 

Nov.    n 

— 15.5G 
— I5.CJ 

G 
8 

—15.57, 
—15,59, 

—43.3 
—43.0 

5 

-42.8, 
— 42.8„ 

— 43.8 

t-234.7] 
-221.9 

[-5,2] 
— 4.C 

—15.58 

Grera.-idi, 
Paris, 

[4''  IS-.,^] 

Dec.     ir> 
D(;c.      11 

Dec.      U 

—15.43 
— 15.4G 

9 
5 

—15.44, 
—15.44, 

—45,3 
—44.5 

8 
5 

—44.1, 
-44.3, 

[-^223.9] 
—220.7 

t-2.3] 
—4.1) 

—15.44 

—44.5 

Greenwich, 
Paris, 

[4>  8-.0] 

1860 
Jan.     16 
Jan.     15 

—15.08 
—15.08 

8 
8 

-15.09, 
—15.06, 

—45.8 
—44.3 

8 
5 

—45.3, 
-44.1, 

[-219.0] 
—216.1 

[-2.3] 

Jan.     16 

—15.08 

—44.8 

Grsenwicli, 
Paris, 

[4>  1-.0] 

Feb.      n 
Feb.        6 

Feb.      15 

-14.64 

—14.79 

12 
2 

—14.65,,, 
—14.77; 

—45.0 

13 

—44.5 
^4.5 

"— 213,9] 
—210.4 

y;? 

— 14.G7 

Oresiiwicl,, 
[4'  40-.8] 

Oct.      13 

—15.52 

2 

—15.52 

—35.2 

3 

—34.7 

[—223.0] 
—218.3 

[-S.0] 
—5.4 

Greenwich, 
Paris, 

Xov.     15 
Nov.     22 

— 15.SS 
—15.79 

9 
5 

-15.89, 
-15.77, 

—38.3 
—37.3 

9 

5 

-37. 8, 
—37.1, 

[—226.6] 
—223.5 

[-3.1] 
-5.8 

Nov.     18 

—15.85 

—37.6 

Green  wich, 
Paris, 

[4-  31".  6] 

Dec.     13 
Dec.     12 

—15.77 
— 15.7!) 

4 
3 

—15.78, 
— 15.77j 

-41.5 
—38.5 

5 
3 

—41.0, 
—38.3, 

[-226.2] 
—223.2 

[-3.3] 
—6.8 

Dec.     12 

—15.78 

—40.0 

Greenwich, 
Paris, 

[4*  26°.  8] 

1861 
Jan.     13 
Jan.     13 

-15.45 
—15.52 

10 

6 

— 15.46„ 
—15.49. 

—40.5 

—40.2 

10 

3 

—40,1, 

—40.0, 

[—222.4] 
—219.3 

[-3.2] 
—5.8 

Jan.     13 

-15.47 

—40.1 

19       Kay,  1873. 
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THE   ORBIT   OF   TJRANUS. 


Mean  Correctio-vs 

TO  THE  Ephemehis  OP  VRAtiVii.— Continued. 

Observatory, 
[R.  A.  of 
Uranus,] 

M^an  dates. 

Oliaerved  o 

»rreo.io 

ns  in  R.  A. 

Observed  c 

orreotions  in  Dec, 

Corr.  to  Geocentric    1 

M«an. 

No,  of 
ob3. 

Correct  ed 

Mean. 

Ho.of  Corrected 
obs.  1     mean. 

LoDgitnde, 

Latitude. 

Greenwich, 
Paris, 

[4"  21",  0] 

1361 
Feb.     10 

Feb.       5 

—  15,12 
—15.23 

3 
1 

—15. 20' 

—40.7 

3 

—40.3 

[-217.9] 
—215.0 

[-3.1] 
—6.0 

Feb.       8 

—15.15 

—40.3 

Greenwich, 
[4^  56-.4] 

Nor,    10 

--l.^),99 

9 

—16.00,, 

—30,9 

8 

—30.5 

[—226.2] 
—223.4 

E-4.0] 
— G.l 

Greenwich, 
Paris, 

Washington, 

[4"  SO^.S] 

Dee.       9 

Dec,      10 
Dec.     18 

— IC.Ol 
-10.04 
—16.10 

4 
11 

6 

—16.02, 
—16.01,, 
—16.07, 

^6.03 

—33.4 
—32.8 

4 
13 

—33.0, 
—32.6,, 

[—237.3] 
—224.4 

tj;? 

Dec.     13 

—32.7 

Greenwich, 
Paris, 

[4"  44".9] 

1862 

Jan,      19 
Jan.     20 

—15,67 
—15,72 

8 
5 

— 15.G7, 
—15.69, 

—35,1 
—34,1 

9 
5 

— 34-Ts 
-33.9, 

[-223.2] 
—220.2 

f=t? 

Jan,      19 

—15.68 

—34.4 

Greenwich, 

Washington, 

Paris, 

[4''  43".  1] 

Feb,     23 
Feb,     19 
Feb.     15 

—15.18 
—15,31 
—15.47 

7 
3 
5 

—15.18, 
-15.31, 
—15.44, 

—34,3 
—34,6 

7 
6 

—33.9, 
—34.4, 

[-217,5] 
—215,1 

[-4.0] 
—6.0 

Feb.     19 

—15.30 

—34.1 

Greenwich. 
[5"  16'°.2] 

Nov.       9 

— lfi.13 

9 

-16,13 

—24,5 

9 

—34.1 

[-226.2] 
—223.6 

[-4.1] 
— M 

Greenwich, 

Paris, 

Leyden, 

[5''  10",:] 

Dec.     12 
Dec.     H 
Dec.       8 

—16.27 
—16.27 
—16,16 

7 
5 
4 

—16,27, 

—  16,24; 

—10,13, 

—27.2 
—26.5 
—25,2 

7 
5 
4 

—26.8, 
—26.35 
—35.2, 

[-227.6] 
—235.4 

[-4.1] 
— 1.2 

Dec.     19 

-16.23 

—26.3 

Greenwich, 
Paris, 

Washington, 
Leyden, 

[5"  4-.  6] 

1863 
Jan.      IT 
Jan.     20 
Jan.     16 
Jan.     16 

—15.96 
-15.94 
—15.92 
—16.03 

10 
3 
4 
6 

-15,9G,„ 
—15.91, 
—15.92, 
—16.00, 

—28,3 
—27.4 

—27.9 

10 
1 

6 

—27.9,, 
—27.2, 

-27.9, 

t— 224-3] 
—223,2 

y:? 

Jan.      17 

-15.96 

-37.9 

Greenwich, 
Paris, 

Washington, 
Leyden, 

[5*  2^.2] 

Feb.      15 
Feb.      15 
Feb.       9 

Feb.     15 

—15.55 
—15.47 
—15.64 
-15.57 

10 

n 

2 

6 

~15.55,„ 
—15.44,, 
—15.64, 
—15.54. 

-39.2 

—38.6 

10 

17 

7 

— 28.8,„ 
—28.4,, 

—28.5, 
—28.6 

[-219.3] 
—316.0 

y:? 

Feb,     15 

—15.50 

Greenwich, 
Paris, 

[5"  2". 2] 

Mar.       3 
Mar.       5 

~Mar!       i 

—15.36 

—15.30 

2 
4 

—i5.se, 

—15.27, 

—29.0 
—28,0 

3 
4 

—28,6, 
— 37.8, 

[—215.9] 
—213.3 

'z^f 

—15,30 

—28.2 
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THE   ORBIT   OF   URANUS. 


141 


Mean  COKREcriOXs  to  the  Ephemeris  of  Uranus. — Continued. 


Observatory. 
[R.  A.  (]f 
Urauua.j 


Paris, 
Leydea, 

[5"  34-] 
Gfreenwich, 

[5"  aS"] 


Washington, 

Ley  den, 

[5"  25™] 

Wa.s!iington, 
[5"  21-] 

Greenwich, 
[5'  21-] 

Paris, 

Washington, 

Lerden, 

[6-  49-] 


Washingtoi 
Leyden, 

[SI"  45"] 


l&^  41»] 

Greenwich, 
Washington, 

[6"  ir] 

Greenwich, 

Lejden, 

Washington, 

[6"  ir] 


Dec.      18 
1864 


Dec. 
Dec. 
Doc. 


Jan. 

15 

Feb. 
Feb. 

14 
13 

Feb. 

U 

Oct. 
Oct. 

10 
18 

Oct. 

Dec. 
Dec. 
Dec. 


-15.14 
-15,57 


-16.32 
-10,22 
-16.10 


Ho.  of   Corrected 


-16.30, 
-16,20, 


-ie,02 

-15,14 


-IS. 29. 
-16.22j 
-16.16, 


-16.19, 
-16.11, 

-le.oo, 


-16.11. 
-16.11 


-21,5 
-22.3 


-13.1 
-15.1 
-14.4 
-14.1 


No. of  Corrected 


[—219,6] 
211.8 


[—216.1] 
215.6 


-12.8. 
-13.4, 


Corr,  to  Geoceutria 


[—218.9] 
211.4 


[—222.2] 
.222,0 


[-5.6] 


[-^.1] 


—6.1 
[-5.1] 


[-5-6] 
—1.3 


[-6.5] 


[-6-5] 


[-1.0] 


[-1.3] 
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THE   ORBIT   OF   TJRASUS. 


Mean  Corrections 

TO  THE  EpIIEMERIS  OF  XIr 

Avvs.—Cojitin 

ued. 

0!>sprTatory, 
[B.  A.  of 

Mean  dal«s. 

0..er,.dc 

orrecti( 

uaiQ  K,A, 

Observed  e 

rrectioDs  in  Dec. 

Corr.  lo  Qeocenttio 

U«an. 

No,  of 
obB. 

Corrected 

Mean. 

No,  of 
i>b9. 

Cofreetea 

Longitude, 

LittitBde. 

Greenwich, 
Paris, 

Wasiiingtoo, 
LcjdeQ, 

[6'  5-] 

Greenwich. 

Ws.hiiigtoii, 

Leyden, 

[C>  0-] 

Greenwicli, 

Washiiigton, 

LeydGD, 

If,"  0-] 

Washington, 
[6-  31-J 

Greenwich, 
Washington, 

[S'  36-] 

Greenwich, 

Wasliington, 

Lejden, 

[0-  31-] 

Greenwich, 

Washington, 

Leyden, 

[6-  24™] 

Paris, 

Washington, 

Leyden, 

Ce"  20-] 

Greenwich, 
Washington, 

[6"  19-] 

Greenwich, 
Washington, 

[6^  51-] 

1866 
Jan.     10 
Jan.     12 
Jan.      n 
Jan.     17 

— 1IJ.20 
— Ifi.04 
—16.06 
—16.02 

—15.81 
—1.5.81 
—15-75 

.... 

—15.47 
—15.49 
—15.59 

—15.36 

-15.65 
—15.72 

—16.01 
—16.90 
—15.87 

-15.89 
—15.93 
—15.82 

—15.72 
—15.65 
—15.54 

—15.45 
—15.33 

— IS.fil 
-15.70 

8 
1 

a 

6 
10 

e 

8 

2' 

6 
2 

5 

2 
10 

10 

7 
2 

5 

12 
4 

3 
9 
3 

7 
4 

5 

3 

—16,206 
—16,01, 
— 16.06„ 
—15.99, 

—  7.2 

—  6,3 

—  7,6 

—  7,1 

—  9.1 

—  8,4 

—  8.6 

—  8.1 

—  9.7 

—  9.0 

+  4.4 

+  3.5 
+  3.8 

+  2.8 
+  2.0 
+  1.6 

—  1.4 

—  1.2 

—  0.3 

—  2.4 

—  2,0 

—  0.5 

—  2.9 

—  2.5 

-i-  8,5 
+  6.9 

9 
1 

9 
6 

11 

I 

2 
6 
2 

5 
10 

10 

2 

5 

13 
3 

4 

10 
3 

8 
2 

3 

—  0.8. 

—  6.I1 

—  6,5. 

—  T.l, 

:— 221.6] 
—221.0 

[-217.3] 
—216,9 

[-212,9] 
—212.9 

[-209.6] 
—211.2 

[-215.1] 
-215.9 

"-218.21 
—219.7 

[-217.8] 
—218.3 

[-214.5] 
—214,7 

[-211.1] 
—211.3 

[-313,1] 
—215.3 

[-  7.8] 

—  9.0 

'-If 

[-  '.8] 

—  8.3 

[-  8-0] 

—  9.7 

:-  8.0] 
_  9.3 

[-  ».9] 

—  8.6 

[-  1^8] 

—  9.0 

[-  8.8] 
—10.4 

Jaa.      14 

Feb.     14 
Feb.      U 
Feb.     14 

Feb,      14 

Mar.     12 
Mar.       9 
Mar.       3 

Mar^~"9 

Oct.      13 

Nov.       9 
Nov.     15 

—16.09 

— 15.81„ 
—15.81, 

-15.72. 

~  6.6 

—  8.7, 

—  7.3, 

—  8.6, 

—15.79 

-15.47, 
—15.49, 

—15.56, 

-  1.1, 

-  8.6, 

-  9.0, 

—15.50 
—15.36 

—15,65, 
-15.72,, 

—15.71 

—16,01., 
—16.00, 
—15.84, 

+  5.5 

+  3,9, 
+  4.  a. 

Nov.     14 

Dec.      11 

Dec.      12 
Dec.     10 

+  4.6 

+  3,2. 
--  3,1. 
--  1.6, 

Dec.      11 

1BG7 
Jan.      21 
Jan.      21 
Jan.        9 

—15.99 

—15.89, 
— I5.93,a 
—15.79, 

4-  2.9 

—  1.0, 

—  0,1, 
_.  0,3, 

Jan.      19 

Feb.     13 
Feb.     15 
Feb.     18 

—15.90 

-15,69, 
—15.65, 
-15.51, 

—  0.4 

—  2,0, 

—  0,9. 

—  0.5, 

—  1.1 

—  2.5. 

—  1,4, 

Feb.     15 

Mar.       2 
Mar.     11 

Mar.       5 

Dec.      1 1 
Dee.     IS 

—15.64 

—15.45, 
—15.32. 

—15.40 

—15.61, 
-15.70, 

—15.64 

—  2.1 

+  8.9, 
+  8.0, 

Dec.      13 

+  8.5 
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THE   ORBIT   OF    URANUS. 


Mean  Corrections  to  the  Ephbmeris  of  Uranus. —  Continued. 


Observatory. 
[R.  A.  of 
Urauua.] 


Observed  corrections  in  R,A. 


No.  of   Corrected 


Mean.      No.of  Correoted 


Corr.  to  Geocentric 


Longitude.  I  Latitude, 


Greenwich, 
[6"  ib^'] 

Leyden, 

Washington, 

Paris, 

[6-  41-] 

Leyilen, 
Washington, 

[0''  39"] 

Wfishington, 
■  [!•  16-] 

Wnsbinj?toii, 
[1'  1G-] 

Greenwich, 
Washington, 

[T"  10-] 


„..cnwich, 
Washington, 

Greenwich, 

Washington, 

Paris, 

[!•  1-] 

Greenwich, 
Washington, 

[6"  59"] 

Greenwich, 
[7'  33-] 


Greenwich, 
p>  25-] 

Greenwich, 
Washington 

[T"  21-] 


Feb. 
Feb. 
Feb. 


Mar.     1 1 
Mar.     19 

Mar.    16 


Kov.       T 

Dec 
Dec 

25 
12 

-1.5.43 
-15,43 
-15.50 
-15.41 


-li.ai 

-14. 5T 
-14.83 


-15.04 
-15.13 
-15.09 


-15.43. 
-15.40i 
-15.51), 
-15.3^4 


-15.44 


-14.  D5 
-14. 5T 


-15.24, 

-15.1fie 

-15.20 


-15.04,, 
-15-13,, 
-15.06, 


-14.84 
-14.50s 


+  4.8 
-I-  5.9 
+  4.9 


+   3.4 

+  13.3 
+16.2 


+  15.1 
+14. G 


+12,6 
+12.9 


+11.1 
+  11.3 
+li.t 


+10.8 
+11.4 


+1T.3 
+  16.7 


+  4.e. 

+  6.9, 

+  e.o. 


+  4.6, 
+  4.5. 

+■  4.6 
+13.3 


+  14.9, 
+15. G. 


[—213.4] 
■315.5 


[—310.3] 
—213.3 


[—205.0] 
—205.5 


[—306.5] 
—210.3 


+  12.4, 
+13.4, 


+10.9x„ 
+11.1,. 
+12.2., 


+  10.6, 
+11,9, 


+11.3 
+20.9 


+n.o 

+17.1 


[-  8.7] 
—10.1 


[-  8.6] 


C-  8.5] 


[-  9.1] 
—  9.3 


[—204.7] 
208.1 


[—201.5] 
—204.8 

[-197.1] 
102.1 


-  9.3] 
-10.3 


[-  9.3] 


■  9.8] 
-10.3 


[-  9.9] 


[-  9-9] 
—10.9 
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THE    ORBIT    OP    URANUS. 


Mkan  Corrections 

TO  THE  EniEMERIS  OF  UeANUS.  — COJI^'l 

ued. 

Observed 

correc:tions  iu  R.A. 

Observed  c 

orrectioQS  in  Dec. 

Cotr.  to  Geoeentrio 

Observatory. 
[R.  A.  of 

Mean  dates. 

Uruu,.] 

Meaa- 

No.  of  1  Corrected 

Mean. 

No  of 

Corrected 

Longilnde. 

LaUtude. 

oba. 

mean. 

obs. 

mean. 

1870 

s 

s 

" 

" 

Qresiinich, 

Mar.     13 

—14.2!) 

5 

—14.38. 

+  lfi.3 

5 

+  16.0 

Washington, 

Mar.     U 

— U.30 

—14.30, 

+  15.9 

C 

+  10. 3 

[—193.6]  [—  9.7] 
—198.1       —10.1 

[7-  18-] 

Mar.     12 

^14.29 

+lti.3 

1871 

Greenwich, 

.Tan.        9 

—13.99 

—13.98 

4-24.8 

5 

+24.C 

[—190.0]  [—10.2] 

[1>  JJ-] 

—196 

1       — lO.T 

Greenwich, 

Feb.      15 

—1.3.92 

—13.91 

+31.8 

2 

+21.6 

[—188 

8]  [-10.1] 

[1>  41-] 

Greenwich, 

Mar.     H 

—13.83 

14 

—13.81 

+20.7 

14 

+20.5 

r-lR4 

9]  [-10.0] 

[J'  33-] 

—192 

8    j  —11.5 

Greenwich, 

Dec.     21 

—13.16 

—13.15 

-|-2!).2 

3 

+29.0 

r-177 

9]  [—10.4] 

P-  11-] 

—186 

5 

—11.4 

1872 

Greenwich, 

Jyn.        fi 

--13.32 

fi 

—13.31 

+  28.3 

i: 

+28.1, 

Washington, 

Jan.      21 

—13.31 

3 

—13.31 

+.7.8 

3 

+28.2, 

[-179.8] 
—188.3 

[-10.6] 
-11.3 

[8^  6-.1] 

JaD.      18 

—13.31 

+28.1 

Greenwich, 

Feb.     15 

—13.23 

—13.22 

+26.2 

fi 

+36.0. 

Washington, 

Feb.     21 

—13.34 

—13.24 

+30.4 

3 

+36.8. 

[—179.3] 
—186.6 

[-10.5] 
—11.3 

[8'  l-.O] 

Feb.      17 

—13.23 

+26.3 

Greenwich, 

M^r.     15 

—13.04 

u 

— 13.03, 

+35.4 

14 

+25.2, 

Washington, 
[7"  57™.9] 

Mar.     15 

—13.07 

m 

—13.07, 
— r3.05 

+24.5 

+34.9. 

[-176.4] 
— 1S3.7 

[_10.4] 
—11.1 

Mar.     15 

..    ,  +35.1 

Washington, 

April      8 

—12.79 

—12.79, 

+34.9 

+25.3, 

Greenwich, 

April      8 

—13.77 

— 12.7fi, 

+25.0 

+24.8, 

[-U2.4] 
—180.2 

[-10.2] 
—10.8 

[7''  5r.3] 

April      8 

—12.78 

+25.3 
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TUE   OEBIT   OF   UEAJiUS. 


Corrections  to  be  Applibd  to  the  Positions  of 

[Jkanus  in  the  Berlin  Jahrbocii  and  the   j 

Nautical  Almanac  to  reduce 

THEM  TO  THE  Positions  from  the  Provisional  Theohy.         | 

Date. 

HeHocentrio. 

Geocentric. 

^\ 

J/c^p 

*''„ 

^K, 

U^^ 

1830,     July    24 

—18,0 

+1001 

+  9.0 

—19-3 

+  9.5 

Aug.  13 

18.3 

1007 

9.0 

18.8 

9.6 

Sept.     3 

18.4 

1014 

9.1 

17.9 

9.5 

Sept.  23 

18.5 

1020 

9.1 

17.1 

9.4 

Oct,     12 

18.7 

102T 

9.1 

16.7 

9.3 

Nov.     1 

19.0 

1031 

9.2 

16.5 

9.2 

Nov.  31 

—19.3 

+1038 

+  9.2 

-16.7 

+  9.1 

1831,     July    19 

—22,5 

+1119 

+  9.5 

—24.5 

+10.0 

Aug.     8 

22.6 

1119 

9.5 

23.7 

10.0 

Aug.  38 

22.  T 

1133 

9.6 

23.7 

10.1 

Sept.  11 

22.8 

1128 

9.6 

21.7 

10.0 

Oct.      Y 

22.9 

1133 

9.6 

20.9 

9.9 

Oct.    31 

23.2 

1138 

9.7 

20.6 

9.8 

Nov.   16 

23,5 

1142 

9.7 

20.6 

9.6 

Dec.      6 

.-23.8 

+1146 

+  9.7 

—21.0 

9.5 

1832,     Aug.     3 

—26.9 

+1198 

+  9.8 

—28.7 

+10.3 

Aug.  22 

2T.3 

1201 

9.9 

27.9 

10.4 

Sept.  11 

27.4 

1202 

9.9 

26.9 

10.3 

Oct.       1 

27.6 

1205 

9.9 

26.1 

10.2 

Oct.    21 

27.8 

1208 

10.0 

25.4 

10.2 

Not.   10 

28.0 

1209 

10.1 

25.1 

10.1 

Nov.  30 

—28.3 

+1209 

+10.2 

—25.2 

+10.0 

1833,     July    28 

—31.9 

+1233 

+10.2 

—34.5 

+10.7 

Aug.  n 

32.2 

1236 

10.3 

33.7 

10.8 

Sept.     6 

32.4 

1240 

10.3 

32.7 

10.8 

Sept.  2S 

32.6 

1242 

10.3 

31.8 

10.7 

Get.    16 

32.9 

1245 

10.3 

31.0 

10.5 

Nov.     5 

33.2 

1247 

10.4 

30.4 

10.4 

Nov.  25 

—33.5 

+1250 

+  10.4 

—30.2 

+10.3 

1834,     July   23 

—38.0 

+1264 

+10.5 

—41.2 

+11.0 

Aug.  13 

38.4 

126ti 

10.5 

40.7 

11.1 

Sept.     1 

38.4 

12G8 

10.6 

39.6 

11. 1 

Sept.  31 

38.7 

1270 

10.6 

38.6 

11.1 

Get.    11 

39.1 

1275 

10.6 

37.7 

10.9 

Get.     31 

39.4 

1277 

10.6 

36.9 

10.8 

Nov.   20 

39.7 

1282 

10.7 

36.6 

10.7 

Dec.    10 

-40.1 

+1282 

+10.7 

—36.1 

+  10.5 

1835,     July   18 

—43.9 

+  1309 

+10,8 

—47.7 

+11.3 

Aug.     1 

44.5 

1311 

10.7 

47.6 

11.3 

Aug.  27 

44.5 

1313 

10.7 

46.6 

11.3 

Sept.  16 

45,1 

1316 

10.7 

45.8 

11.2 

Oct.      6 

45.4 

1318 

10.8 

44.8 

11.2 

Get,    26 

45.9 

1321 

10.7 

44.0 

10.9 

Nov.    15 

46.5 

1324 

10.8 

43.6 

10.8 

Itec.      5 

—46.6 

+1327 

+10.7 

—42.5 

+10.6 

18S6,     July    12 

—51.0 

+1361 

+11.0 

—55.3 

+11.4 

Aug.     1 

51.3 

1364 

11.0 

55.2 

11,5 

Aug.    21 

51.5 

1365 

11.1 

64.6 

11.7 

Sept.   10 

—51.9 

+1368 

+11.0 

—53.7 

+  11.6 
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THE    OEEIT    OF    URAKUS. 


CoKRECTiONs  TO  BE  APPLIED  TO  THE  POSITIONS  OF  VRAyvs—Coniinued. 

Date. 

HBlioeentrio. 

Geouentric.                       1 

bX 

Mbp 

^^i 

11 

56^ 

1836, 

Sept.  30 

—52.2 

+1370 

+n.o 

—52.4 

+11.5 

0.;i.     20 

52.9 

1372 

11.0 

51.6 

11.3 

Nov.      9 

53.1 

1375 

11.0 

50.5 

11.1 

Nov.   29 

53.9 

1377 

11.0 

50.4 

11.0 

Bee.     19 

—53,8 

+  1380 

+11.1 

—49.8 

+  10.9 

1831, 

July      7. 

—58.3 

+1387 

+11.0 

—62,9 

+11.4 

jQly    37 

58.4 

1387 

11.0 

02.9 

11.5 

Aug,    16 

59.2 

1388 

11.1 

63.1 

11.7 

Sept.     5 

59,3 

1389 

11. 1 

62.0 

11,7 

Sept.  25 

60.0 

1391 

11.0 

61.3 

11.5 

Oct.     15 

60,0 

1393 

11.0 

59.6 

11,4 

Nov.      4 

ei.o 

1394 

11.0 

59.1 

11.2 

Nov.   34 

ei.3 

1394 

11.0 

58.2 

11-0 

Dec.    14 

-62.1 

+  1393 

+11.0 

—57,1 

+  10.9 

1838, 

Aug.    11 

-66.4 

+1395 

+11.1 

—71.1 

+  11.6 

AQg.  31 

67.2 

1396 

11.1 

71.0 

11.7 

Sept.  20 

67,7 

1395 

11.1 

70,2 

11.7 

Oct.     10 

68.1 

1392 

11.1 

68,9 

11.6 

Oct.     30 

68.5 

1390 

11-1 

67,6 

11.4 

Nov.    19 

68.9 

1388 

11.1 

66,4 

11.2 

Dec.     9 

69".  4 

1388 

11. 1 

06.8 

11.1 

Dec.   29 

—69.7 

+1389 

+  11.2 

-G5.4 

+11.0 

1839, 

Aug.     6 

—74.7 

+  1383 

+11.1 

—80.0 

+11,6 

Aug.   2fi 

75.1 

1381 

11.1 

79.7 

11.7 

Sept.  15 

75.5 

1380 

11.0 

79.0 

11,6 

Oct.       5 

76.0 

1379 

11.1 

77,9 

11,6 

Oct.     25 

76.4 

1379 

11.1 

76,5 

11,5 

Nov.    14 

76.8 

1379 

11.1 

75,2 

11,3 

Dec.      4 

77.2 

1378 

11.1 

74,0 

11,1 

Dec.    34 

77.6 

1377 

11.1 

73,5 

10.9 

1840, 

Jan.    13 

—78,0 

+1376 

+  11.0 

—73,1 

+10.7 

June  24 

—81.9 

+1376 

+11.0 

-86.0 

+11.1 

Aug.  30 

82.7 

1374 

11.0 

87.9 

11.5 

Sept.     9 

83.4 

1376 

11.0 

87.8 

11.6 

Sept.  29 

83.5 

1377 

11.0 

86.4 

11.5 

Oct.    19 

84.3 

1376 

11.0 

85.5 

11.4 

Na^.    8 

84.4 

UU 

11.0 

83.5 

11. S 

Nov.    13 

85.3 

1377 

11.0 

82.7 

11.1 

Dec.    13 

85.5 

1378 

11.0 

81,5 

10.9 

1841, 

Jan.      1 

—86.1 

+1377 

+10.9 

—81.3 

+10.7 

Juno   16 

—89.8 

+1378 

+  10.8 

—93.2 

+10.8 

Aug.  15 

91.1 

1384 

10.8 

97.0 

11.3 

Sept.     4 

91,5 

1385 

10.8 

96.9 

11.4 

Sept.  24 

91.9 

1388 

10.7 

96.1 

11.3 

Oct.     14 

92.3 

1390 

10.7 

94,8 

11.2 

Nov.     3 

92.9 

1392 

10,7 

93.4 

11.1 

Nov.  33 

93.4 

1393 

10.8 

91.8 

10.9 

Dec.    13 

93.8 

1395 

10.7 

90.5 

lO.T 

1842, 

Jan.      2 

94.3 

1398 

10.8 

89.7 

10.6 

Feb.    n 

-L95.0 

+  1404 

+10. T 

—89.6 

+10.3 

Hosted  by 


Google 
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Corrections  to  be  Ai 

PLIED  TO  THE  Positions  of  TTranos — Cwiiinued. 

Dat«. 

Ileliooiinlrio. 

GBOoeiitric. 

hx^^ 

M^ 

^■i 

^\, 

^^„ 

1842,    June    i! 

~  96. V 

+1409 

+10,6 

—  98,5 

+10.5 

Aug.   10 

90.1 

1408 

10 

6 

105,3 

10 

0 

Aug.  30 

89. e 

1409 

10 

7 

105,8 

10 

2 

Sept  19 

99.9 

1409 

10 

6 

105,2 

10 

2 

Oct.      9 

10O.5 

1410 

10 

5 

104,2 

10 

0 

Oct.    29 

100.9 

1412 

10 

6 

103.6 

10 

9 

Nov.     13 

101.3 

1413 

10 

5 

100.8 

10 

8 

Dec.      8 

101.8 

1414 

10 

5 

99.2 

10 

6 

Dec.    28 

102.3 

1415 

10 

5 

98.0 

10 

4 

1843,     Jan.    U 

—1(12.5 

+1417 

+10 

4 

—  97.2 

+!0 

2 

Aug.     5 

—107.3 

+1422 

+  10 

3 

-113.7 

+  10 

7 

Aug.  25 

107.7 

1420 

10 

3 

114.4 

10 

7 

Sept.  14 

108.0 

1420 

10 

\ 

114,3 

10 

6 

Oct.       4 

108.5 

1420 

)0 

1 

113.4 

10 

6 

Oct.     24 

109.0 

1419 

10 

1 

112.1 

10 

5 

Nov.    13 

109.4 

1418 

10 

1 

110.2 

10 

4 

Dec      3 

110.0 

1418 

10 

1 

108.6 

10 

3 

Dec.    23 

110.4 

1417 

10 

I 

lflC.9 

10 

1 

1844,     Jau.    12 

—110.8 

+1418 

+10 

0 

—11)5.9 

+   9 

8 

July    30 

—115.1 

+1406 

+  9 

7 

—121,3 

+10 

0 

Aug.    J  9 

115.4 

1403 

9 

8 

132,3 

10 

2 

Sept.     8 

115.8 

1400 

9 

8 

122,7 

10 

3 

Sept.  28 

11S.3 

1397 

9 

8 

122,4 

10 

3 

Oct.     18 

lie.  9 

1396 

9 

7 

131,3 

10 

2 

Nov.      1 

117.4 

1392 

9 

6 

119,7 

10 

0 

Nov.   2T 

117.8 

1389 

9 

6 

117.6 

9 

8 

Dec.    IT 

118.3 

1384 

3 

6 

115,7 

9 

7 

1845,     Jan.      6 

118.6 

1381 

9 

5 

114,3 

9 

4 

Jan.    26 

—119.1 

+1378 

+  9 

6 

—113.3 

+   9 

4 

Aug.  14 

—123.5 

+1340 

+  9 

1 

—130.4 

+  9 

4 

Sept.     3 

133.9 

1335 

9 

4 

131.4 

9 

8 

Sept.  23 

124.4 

1330 

9 

4 

131.7 

9 

9 

Oct.     13 

194.9 

1327 

9 

3 

130.6 

9 

8 

Nov.     3 

125,3 

1332 

9 

3 

129.0 

9 

7 

Nov.  22 

125.7 

1318 

9 

2 

127.0 

9 

5 

Dec.    12 

120.2 

1313 

9 

2 

125.0 

9 

3 

184G,    Jan.       1 

120.7 

1309 

9 

2 

123.3 

9 

2 

Jan.    21 

—137.1 

+1303 

+  9 

2 

—121.9 

_  9 

0 

Aug.  29 

—132,0 

+13133 

+  8 

8 

-139.5 

+  9 

3 

Sept.  18 

132.5 

1249 

8 

139.9 

9 

3 

Oct.       8 

132.8 

1346 

8 

8 

139.8 

9 

3 

Oct.     28 

133.2 

1343 

8 

7 

138.4 

9 

1 

Not.    it 

133.5 

1238 

8 

7 

136.4 

9 

0 

Dec.      T 

134.1 

1334 

8 

7 

134,4 

8 

9 

Dec.    21 

134.6 

1333 

g 

6 

132.3 

8 

7 

1847,     Jan.    16 

_134.0 

+1230 

+  8 

6 

—130.5 

+  8 

5 

Aug.  24 

—139.5 

+1197 

+  8 

3 

-146,7 

+  8 

6 

Sept.  13 

140,0 

1194 

8 

3 

148.0 

8 

1 

Oct.       3 

140.5 

1191 

8 

3 

148.3 

8 

1 

Oct.    23 

— J40.9 

+1188 

+  8 

2 

—147.4 

+  8 

6 
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Corrections  to  be  Applied  to  the  Positions  of  Uranus — Continued. 

Date. 

Heliocentric. 

Geocentric, 

h-k 

i/^p 

^^, 

H 

^&^ 

184T,     Noy.   12 

—141.4 

+1185 

+8,2 

—145,8 

+8.5 

Dec.      2 

141.9 

1183 

8,1 

143.7 

8,3 

Dec.    22 

143.4 

1182 

8.1 

141.4 

8.2 

1848,    Jan.    11 

—143.8 

+1183 

+8.1 

-139.3 

+8.1 

Sept.     T 

—147.0 

+1165 

+7,6 

—156.0 

+7.9 

Sept.  21 

148.3 

1166 

7.6 

156.7 

8,0 

Oct.    n 

148,7 

1164 

7,6 

156.4 

8.0 

Not.     6 

149,3 

1164 

7,6 

155.3 

8.0 

Nov.   26 

140,8 

1163 

7.6 

153.2 

7.9 

Dee.    16 

150.2 

1162 

7.6. 

150,7 

7.8 

1849,     Jan.      5 

150,6 

1161 

7.5 

148,3 

7.5 

Jan.     25 

—151.3 

+1161 

+7.5 

—146,6 

+7.4 

Sept.     2 

—155,8 

+1149 

+7.0 

-164.6 

+7.3 

Sept.  22 

156.3 

1150 

7,0 

165.1 

7.3 

Oct.     12 

156.6 

1149 

7,0 

165.1 

7,4 

N07.       1 

156.8 

1148 

7,0 

104.0 

7.4 

Nov.  31 

157.4 

1149 

7.0 

163.4 

7.3 

Dec.     11 

157.9 

1148 

6.9 

160.0 

7.1 

Dec.    31 

158.3 

1147 

6,8 

157.5 

6,9 

1850,     Jan.    20 

—158.6 

+1147 

+6.8 

—155.0 

+6.8 

Aug.  23 

—163,3 

+1135 

+6.2 

—170.6 

+6.4 

Sept.  n 

1C3.7 

1133 

6,2 

172.6 

6.5 

Oct.      1 

1C4,2 

1131 

6.3 

173.3 

6.5 

Oct.     27 

164,7 

1129 

6.1 

173.1 

6.4 

Nov.    16 

165.3 

1127 

6,1 

171.8 

6,4 

Dec.      6 

165-6 

1126 

0,1 

169,4 

6.3 

Dec.    26 

166.0 

1127 

6,0 

166.7 

6,2 

1S51,     Jan.    15 

166.3 

1127 

6.1 

163.8 

6.1 

Feb.      4 

—166.7 

+U24 

+6.0 

—161.8 

+6.9 

Sept.   13 

—171,5 

+1109 

+5.5 

—180.0 

+5.7 

Oct.       2 

171,9 

1105 

5,5 

1S1.4 

5,8 

Oct.     22 

172.4 

1103 

5,5 

181,9 

5,8 

Nov.   11 

172.y 

1103 

5,4 

180.8 

5,7 

Dec.      1 

173.3 

1103 

5,3 

178.7 

5  5 

Dec.    21 

173.8 

1103 

5,2 

176,1 

5.3 

1853,     Jan,    10 

174.3 

1101 

5.2 

173,4 

5.3 

Jan.    30 

—174.7 

+1098 

+5,1 

—170.2 

+5.1 

Sept.     6 

—179.0 

+1074 

+  4.7 

—186,8 

+4,9 

Sept.  26 

179,4 

1073 

4.6 

188.9 

4.8 

Oot,     16 

179,8 

1071 

4,5 

189.7 

■     4.7 

Nov.     5 

180.3 

1068 

4.5 

189.6 

4.7 

Nov.  25 

180,7 

1067 

4.4 

187.8 

4,6 

Dec.    15 

181,2 

1065 

4.4 

185,3 

4,6 

1853,     Jan.      4 

181,5 

1064 

4.4 

182.3 

4,5 

Jan.     34 

181.8 

1062 

4.4 

179.6 

4.4 

Feb,    13 

—182,1 

+1060 

+4.3 

—176.9 

+4.2 

Sept.     1 

—185,8 

+1055 

+3.9 

—193.4 

+4,0 

Sept.  21 

.  186,2 
—186.5 

1055 

3,8 

195.2 

3.9 

Oct,     11 

+1055 

+3,7 

—196,7 

+3.9 
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CORKECTIONS  TO  BE  AprLIF.D  TO  THE  PoSITJOSS  OF  TjRANVS—Continued. 

Date. 

Heliocentric. 

Geocentric. 

^X^ 

M6p 

¥ 

^^, 

tb 

1853, 

Oct.    31 

—18(5.8 

+  1054 

+3.6 

—196.8 

+3.8 

Nov.    20 

187.1 

1054 

3.5 

195.C 

3.7 

Dec.    10 

187.5 

1053 

3.5 

193.5 

3.6 

Dec.    30 

187.9 

1053 

3.5 

190.7 

3.6 

1854, 

Jan.     19 

188.1 

1053 

3.5 

18T.4 

■3.5 

Feb.     8 

—188.5 

+1052 

+  3.5 

—184.5 

+3.5 

Sept.  16 

—192,2 

+1034 

+2.9 

—200.5 

+3.0 

Oct.      6 

192.S 

1032 

2.8 

202.9 

2.9 

Oct.    2B 

193.0 

1032 

2.T 

203.7 

2.8 

Nov.    15 

193.3 

1032 

2.6 

203.0 

2.7 

Dec.      5 

193.7 

1029 

2.6 

201,3 

2.7 

Dec.    25 

194.0 

1025 

2.5 

198.6 

2.6 

L855, 

Jan.     14 

194.2 

1021 

2.5 

195.2 

2,5 

Febi      3 

—194.5 

+  1018 

+2.4 

—192.0 

+2.4 

Oct.      1 

—198.3 

+1010 

+1,8 

—207.9 

+  1.9 

Oct.     21 

198.7 

1009 

1.7 

209.6 

1.8 

Kov.    10 

199.0 

1008 

1.6 

209.7 

1.7 

Nov.   30 

199.3 

1007 

1.5 

208.4 

1.6 

Dec.    20 

199.fi 

ioor> 

1.5 

206.0 

1.6 

185(i, 

Jan.      9 

199.8 

1005 

1.5 

202.6 

1.5 

Jan.    29 

200.1 

1003 

1.4 

199.2 

1.4 

Feb.    18 

—200.3 

+1001 

+1.3 

—196.1 

+  1.3 

Oct.     Ifi 

—203.3 

+  902 

+0.7 

—213.9 

+0.7 

Nov.      4 

203.7 

957 

0.7 

214.9 

0.7 

Nov.    24 

203.9 

953 

0,7 

214.5 

0.7 

Dec.    14 

204.3 

949 

O.G 

212.4 

0.6 

1857, 

Jan.      3 

204.4 

945 

0.6 

209.3 

0.6 

Jan.    23 

204.5 

941 

0.5 

205.6 

0.5 

Feb.    12 

—204.7 

+  934 

+0.4 

—202.2 

+0.4 

Sept.  20 

— 20fi.9 

+  879 

-0,2 

—214,0 

-0.2 

Oct.     10 

207.2 

874 

0.3 

217.1 

0.3 

Oct.     30 

207.5 

868 

0.3 

218.8 

0.3 

Nov.   19 

207.8 

861 

0.4 

219.0 

0.4 

Dec.     9 

208.0 

853 

0-4 

217.6 

0.4 

Dec.    39 

208.1 

846 

0.5 

215.0 

0.5 

1858, 

Jan.    13 

208.2 

839 

0.6 

211.5 

0.6 

Feb.      7 

208.3 

830 

0.6 

207.7 

0.6 

Feb.    27 

—208.4 

+  823 

—0.6 

—204.2 

—0.6 

Oct.       5 

—210.4 

+  741 

—1.3 

-219.1 

—1.3 

Oct.     25 

210.6 

^73-2 

1.4 

221.4 

1.5 

Nov.    14 

210.8 

723 

1.4 

222.2 

1.5 

Dec.     4 

211.0 

713 

1.5 

221,9 

1.6 

Dec   24 

211.2 

704 

1.5 

219.7 

1.6 

1859 

Jan.    13 

211.3 

695 

1.5 

216.6 

1.5 

Feb.      2 

211.4 

686 

1.6 

213.0 

1.6 

Feb.    22 

—211.6 

+  677 

—!.:'. 

—209.4 

—1.5 

Oct.     20 

-213.1 

+  57fi 

—2.1 

—222.8 

—2.2 

Nov.      S 

213.2 

569 

2.1 

224.5 

2.2 

Nov.   29 

—213.4 

•     +  561 

—2.1 

—224.8 

—2.2 
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Date. 

Heliocentric. 

GHOCGUttiC.                              1 

^\ 

Mbp 

¥, 

^^, 

fh 

1859, 

Dec.    19 

—213.5 

+554 

—2,2 

—223.5 

—2.3 

1860, 

Jan.      8 

213.5 

546 

2.3 

220.9 

2.3 

Jan.    28 

213.6 

539 

2.2 

217.4 

2.3 

Feb.    IT 

—213.1 

+533 

—2.3 

.-213.5 

—2.3 

Sept.  24 

—311.1 

+  456 

-2.8 

-219.7 

-2.9 

Get.    U 

214.8 

451 

2.8 

223,1 

2.9 

Not.     3 

216.0 

444 

2.9 

225.6 

3.0 

Nov.   23 

215.1 

437 

2.9 

226.8 

3,1 

Dec.    18 

215.2 

431 

3.0 

226.3 

3,2 

1861 

Jan.      2 

215.3 

424 

3.1 

223.8 

3.2 

Jan.     22 

215.3 

417 

3.1 

221.0 

3.2 

Feb.    12 

—215.3 

+411 

—3.1 

—217.3 

—3.1 

Oct.     29 

—215.6 

+339 

—3.7 

—225.0 

-3.9 

Nov.    13 

215.6 

333 

3.8 

226.9 

4.0 

Dee.      8 

215.t 

329 

3,8 

227.4 

4,0 

Dec.    28 

215.8 

334 

3.8 

226.3 

4,0 

1863 

Jan.    n 

215.8 

320 

3.9 

223.5 

4.0 

Feb.      6 

215.8 

315 

4.0 

220.0 

4.1 

Feb.    26 

-215.9 

+310 

—4.0 

—216.0 

—4.0 

Oct.     24 

-216.0 

+246 

—4,4 

—224.2 

—4.6 

Nov.    13 

216.0 

241 

4,5 

226.6 

4.7 

Dec.      3 

216.0 

23T 

4.5 

227.7 

4,7 

Dee.    23 

215.9 

232 

4,6 

■227.2 

4.8 

1863, 

Jan.    12 

215.8 

236 

4.7 

225,0 

4.9 

Feb.      I 

215.8 

219 

4.7 

221.8 

4.8 

Feb.    21 

215. T 

213 

4.7 

218.1 

4,8 

Mar.   13 

—215.7 

+208 

—4,8 

—214.1 

—4.8 

Nov.     8 

—215,3 

+  139 

—5.3 

—224.6 

—5.5 

Nov.  28 

ai5.3 

133 

5.4 

226.5 

5.7 

Dec.    18 

215.1 

126 

5,4 

226.8 

5.7 

1864, 

Jan.      T 

215.0 

120 

5,5 

225.4 

5.8 

Jan.    21 

214.9 

J14 

5,5 

222.7 

5.7 

Feb,    16 

214.8 

108 

5.6 

219.3 

5.7 

March  T 

—214.8 

+103 

—5,6 

—215.3 

—6.6 

Oct,    13 

—213.8 

+  21 

—0,0 

—217.8 

-6,1 

Nov.     2 

213.7 

18 

6.0 

221.3 

6.2 

Nov.  22 

213.7 

9 

6.1 

224.0 

6.4 

Dec.    12 

213.6 

+     1 

6.3 

225.1 

6.5 

1865, 

Jan.      1 

213.4 

—     6 

6,2 

224.7 

6.5 

Jan.    21 

213.3 

14 

6.3 

222.7 

6.5 

Feb.    Ift 

213.1 

20 

6.2 

219.6 

6.4 

March  2 

—213.0 

—  27 

—6.3 

—216.7 

—6.4 

Oct.       8 

--211.6 

—103 

—6.8 

—213.5 

—6.9 

Oct.     28 

211.4 

110 

6.8 

217.2 

7.0 

Nov.   n 

211.2 

117 

6.9 

220.0 

7.3 

Dec,      1 

211.1 

1'24 

6.9 

233.0 

7.3 

Dec.    21 

210.9 

132 

6,9 

232.4 

7.3 

1866, 

Jan.    16 

210.7 

139 

7.0 

221.5 

7.4 

Feb.      5 

210.6 

145 

7,0 

218.8 

7.3 

Feb.    25 

210.4 
—210.1 

151 

7,0 

215.4 

7.2 

Mar.   17 

—158 

—7,1 

—211,3 

—7.1 
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COBRECTIO.VS  TO  BE  Apl 
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1860,     Oct. 

3 

—208.2 

Oct, 

23 

208.1 

Nov 

12 

201.9 

Dec. 

2 

201.8 

Dec. 

23 

201.6 

1861,     Jan. 

11 

201.4 

Jan. 

31 

201.2 

Feb. 

20 

201.0 

Mar. 

12 

—206.1 

Nov. 

21 

—203.2 

Dec. 

11 

203.0 

1868, '  Jan. 

6 

202.8 

Jan. 

26 

202,4 

Feb. 

15 

202.2 

Mar. 

6 

201.8 

Mar. 

m 

—201.4 

Oct. 

12 

—198.0 

Nov 

1 

197,8 

Nov. 

21 

101.5 

Dec. 

11 

191.2 

Dec. 

31 

196.8 

1869,    Jan. 

20 

196-4 

Feb. 

9 

196.0 

Mm-. 

1 

10.^.6 

Mar. 

21 

—195.3 

Dec. 

6 

—190.0 

Dee. 

26 

189.5 

18T0,     Jan. 

15 

189.0 

Feb. 

U 

188.6 

Feb. 

24 

188.0 

Mar. 

16 

181.5 

Apri 

5 

—181.2 

Dec. 

1 

—181.5 

Dec. 

21 

181.1 

1811,    Jan. 

11 

180.5 

Jan. 

SO 

119.8 

Feb. 

19 

119,1 

Mar. 

11 

118.4 

Mar. 

31 

—111.0 

Dec. 

16 

—111.6 

1812,    Jan. 

5 

ni.o 

Jan. 

25 

no.5 

Feb. 

14 

169.8 

Mar. 

5 

169.3 

Mar. 

25 

168-1 

Apri 

14 

168.1 

May 

i 

-161.6 

M^p 


-1083 
1095 
1101 
1120 
1133 
1145 
1156 

-I1C8 


M 


-201.3 
211.5 
214.9 
217.6 
218.8 
218.5 
216.1 
213.8 


-211.4 
213.5 
213.1 
212.1 
210.3 
201.0 

-202,9 

-191.2 
201,1 
203.8 
206.2 
201.5 
201.1 
205.4 
202.4 


-191.0 
198.9 
199.5 
198.7 
196.2 
193.0 

-189.4 

-186.5 
189.0 
190.3 
190.1 
188.3 
185.6 

-181.2 

-171.4 
119.3 
180.2 
119.6 
111.8 
114.9 
171.3 

.^166.3 


-10.0 
10.1 

10.2 
10.3 
10.1 
10.0 


10.5 
10.5 
10.3 
10.1 
-10.0 
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CHAPTER    VII. 


FORMATION  AND  SOLUTION  OP  THE  EQUATIONS  OF  CONDITION  RESULTING 
FROM  THE  PRECEDING  COMPARISONS. 

In  the  preceding  chapter  we  have  obtained  from  observations  a  series  of  cor- 
rections to  the  geocentric  positions  of  Uranus  resulting  from  the  provisional 
theory.     The  further  operations  are  as  follows:  — 

1.  To  reduce  all  the  corrections  in  right  ascension  and  declination  to  correc- 
tions in  geocentric  longitude  and  latitude.  Most  of  the  corrections  are  already 
so  expressed,  so  that  this  reduction  is  necessary  in  only  a  few  cases. 

2.  To  find  the  mean  value  of  the  correction  in  geocentric  longitude  during  each 
opposition,  and  to  express  this  mean  value  in  terms  of  the  correction  to  the  helio- 
centric co-ordinates. 

3.  To  express  these  corrections  to  the  heliocentric  co-ordinates  in  terms  of  cor- 
rections to  the  elements  of  Uranus  and  the  mass  of  Neptune. 

4.  To  solve  the  equations  of  condition  thus  formed. 

The  first  oF  these  processes  is  too  simple  to  make  it  necessary  to  present  any 
details  of  it.  With  regard  to  the  second  I  have  sought,  not  tlie  simple  correction 
to  the  geocentric  longitude,  but  this  correction  multiplied  by  such  a  factor  as  it 
was  supposed  would  make  the  probable  error  of  the  correction  0".5.  The  equations 
for  expressing  the  error  of  geoceiktric  longitude  in  terms  o£  errors  of  heliocentric 
longitude  and  radius  vector  have  been  given  on  page  129.  The  first  observation 
of  Flamstead,  p.  107,  gives  the  equation 

-f  22"  =1.0453, -f-.0275p 
S3,  being  the  correction  to  the  heliocentric  longitude,  and  5p  that  to  the  Neperian 
logarithm  of  the  radius  vector.     From  the  discordance  of  Flamstead's  clock  errors 
it  may  be  estimated  that  the  probable  error  of  the  first  member  of  this  equation  is 
10".     Therefore  wo  divide  the  equation  by  20,  which  gives 
^11  =  l".l  =  .052^:1  -i-  .OOUp. 
In  the  opposition  of  1715  we  have  four  observations.     The  best  were  those  of 
March  4  and  10,  of  which  we  may  estimate  the  probable  error  at  10",  and  the 
worst  that  of  March  5,  of  which  the  probable  error  may  be   estimated  at  20", 
while  that  of  April  29  is  intermediate  in  certainty.     The  separate  observations 
give  the  equations 

March    4,  ^  —  +  28"    =.  1.065X;  Weight,  4 

March    5,  ^7  =  +  44     =1.065;i;  Weight,  1 

March  10,  B  =  -\-SG     =  IM^Tl;  Weight,  i 

April    29,  ;;=.+    2     ^1.04U-f.04^p;  Weight,  2. 
Mean  11= -{^  27,6  =  1.056^3.  +.003^ ;  probable  error  =  i  6". 
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Applying  the  correction  — l".l  for  equinox,  and  dividing  by  12,  the  equation  of 
condition  becomes 

■-La  =  +  2".2^0.088^a. 

In  this  way  the  following  equations  were  obtained.  It  is  deemed  unnecessary 
to  give  the  details  of  tlie  process,  as  it  is  one  which  every  one  can  go  over  for  himself 
from  the  data  already  given,  and  can  reproduce  all  the  results,  except  so  far  as 
they  depend  on  the  relative  weights  assigned  to  the  different  groups  of  observations 
during  one  and  the  same  opposition. 


Number  of 

No. 

Date. 

Equations. 

observaliona 

" 

iu  it.  A. 

1 

1691.0; 

A,»=  + 

1.1    =   .052JJ,+ 

.ooiSp 

1 

2 

ni6.2. 

'i\ 

=  + 

22    =    .088 

4 

3 

n48.8 

i 

=  + 

13.8    =    .338 

+ 

.017 

1 

4 

1160.8 

J 

=  +  : 

11.8    =    .346 

+ 

.010 

3 

6 

1163.9 

i 

=  +  : 

11.6    =    .333 

+ 

.016 

1 

6 

1156.1 

i 

=  + 

5.0    =    .210 

+ 

.003 

1 

^ 

1169.0 

^ 

=  + 

4.8    =    .203  ' 

+ 

.010 

8 

8 

1182.0 

i 

=  + 

3.0    =1.310 

21 

9 

1783.0 

1 

=  + 

1.26  =  1.030 

_ 

.003 

13 

10 

1184.0 

1 

=  + 

1.92=1.026 

_ 

.008 

13 

11 

1185.0 

1 

0.26  =  1.034 

+ 

.006 

10 

13 

1188.0 

1 

=  + 

1.23  =  0.684 

+ 

.006 

5 

13 

1189.0 

1 

=  + 

1.58  =  0.504 

+ 

.008 

6 

14 

1190.0 

J 

0.62  =  0.614 

,013 

4 

IS 

1191.0 

1 

=:  — 

0.S6  =  0.684 

_ 

.010 

7 

16 

1192.0 

i 

=:  — 

0.13  =  0.340 

_ 

.011 

3 

n 

1193.0 

h 

=  — 

0.19=0.612 

_ 

.015 

6 

18 

1194.0 

J 

=  + 

0.79  =  0.344 

— 

.006 

3 

19 

1195.0 

1 

0.66  =  0.683 

__ 

.019 

7 

20 

1196.0 

i 

=  — 

0.68  =  0.514 

_ 

.015 

4 

21 

1197.1 

i 

=  _ 

0.35=0.628 

3 

22 

1800.2 

J 

— 

0.00  =  0.352 

2 

23 

1801.2 

J 

=  _ 

0.26  =  0.352 

2 

24 

1802.3 

1 

=  -(- 

0.85  =  1.05 

13 

25 

1805.3 

1 

=  + 

0.69  =  1.05 

13 

26 

1806.3 

i 

=  + 

0.20  =  0.53 

5 

21 

1801.3 

1 

=  + 

2.34=1.046 

16 

28 

1808.3 

J 

0.04  =  0.53 

6 

29 

1809.3 

1 

=  + 

1.80  =  0.70 

9 

30 

1810.3 

1 

=  + 

2.39  =■  1.05 

16 

31 

1811.3 

1 

=  + 

1.49  =  1.04 

—  1 

0.01 

11 

32 

1812.4 

J 

=  + 

0.8    =0..53 

8 

33 

1813.4 

i 

=  + 

1.3    =0.63 

9 

34 

1814.4 

1 

='  + 

1.7    =1.05 

15 
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Numljer  of 

No, 

Date. 

EquatioQs 

observations 

' 

in  It.  A. 

35 

1815.4 

ii 

i  =  + 

2.1 

=  1.58Sa, 

20 

36 

1818.4* 

1 

=  + 

0.3 

=  1.58 

24 

37 

1819.4 

1 

=  — 

0.8 

=  1.05 

11 

38 

1820.5 

1 

=  — 

1.3 

=  1.06 

14 

39 

1821.5 

1 

=  + 

0.9 

=  0.70 

10 

40 

1822.5 

i 

=  + 

0.9 

=  0.70 

7 

41 

1823.5 

t 

0.0 

=  0.70 

H 

42 

1824.5 

1 

=  + 

0.6 

=  1.05 

12 

43 

1826.5 

1 

0.4 

=  0.70 

7 

44 

1826.5 

1 

=  + 

0.3 

=  1.05 

11 

45 

1827.7 

2 

2.7 

=  2.07 

+  0.04  ^p 

37 

46 

1828.7 

21 

=  _ 

2.7 

=  2.57 

+  0.07 

67 

47 

1829.7 

2J 

=  — 

2.4 

=  2.59 

+  0.04 

61 

48 

1830.7 

2i 

=  _ 

4.9 

=  2.56 

+  0.07 

73 

49 

1831.7 

2' 

= 

0.0 

=  2.08 

+  0.05 

54 

60 

1832.7 

2 

^  — 

2.2 

=  2.07 

+  0.05 

65 

61 

1833.8 

n 

=  — 

4.1 

=  2.58 

+  0.08 

88 

62 

1834.8 

H 

=  — 

3.9 

=  2.57 

+  0.08 

91 

53 

1835.8 

n 

=  — 

5.1 

=  2.69 

+  0.05 

82 

64 

1836.8 

3 

=^  — 

7.0 

=  3.11 

+  0.08 

157 

65 

1837.8 

3 

=  _ 

3.6 

=  3.11 

+  0.04 

162 

66 

1838.8 

3 

=  _ 

1.6 

=  3.11 

+.0.06 

193 

67 

1839.8 

3 

=  _ 

1.2 

=  3.11 

+  0.06 

170 

68 

1840.8 

3 

=  — 

1.5 

=  3.11 

+  0.06 

124 

69 

1841.8 

3 

=  + 

0.8 

=  3.10 

+  0.06 

108 

60 

1842.8 

3 

1.6 

=  3.10 

+  0.06 

169 

61 

1843.8 

3 

=  + 

4.7 

=  3.12 

+  0.04 

111 

62 

1844.9 

3 

=  + 

6.1 

=  3.11 

+  0.03 

106 

63 

1845.9 

2 

=  + 

4.2 

=  2.08 

+  0.02 

66 

64 

1846.9 

3 

=  + 

6.3 

=  3.10 

+  0.04 

98 

65 

1847.9 

2 

=  + 

5.8 

=  2.07 

+  0.03 

74 

66 

1848.9 

2 

=  + 

4.4 

=  2.08 

+  0.02 

69 

67 

1849.9 

2 

=  + 

6.6 

=  2.08 

+  0.04 

33 

68 

1850.9 

2 

=  + 

7.2 

=  2.08 

+  0.01 

46 

69 

1861.9 

2 

=  + 

6.3 

=  2.07 

+  0.04 

42 

70 

1852.9 

2 

=  + 

6.6 

=  2.07 

+  0.03 

64 

71 

1853.9 

2 

=  + 

7.9 

=  2.09 

+  0.01 

49 

72 

1854.9 

2 

=  + 

8.9 

=  2.09 

+  0.02 

49 

74 

1856.9 

2 

=  + 

8.5 

=  2.08 

+  0.04 

48 

75 

1856.9 

2 

=  + 

7.9 

=  2.08 

+  0.04 

46 

76 

1868.0 

2i 

=  +  1 

10.3 

=  2.61 

+  0.09 

66 

'  The  results  for  18IG  and  1817  were  omitted  in  this  list  througti  oversight. 
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Numler  of 

No. 

Date. 

Equations. 

obsorvations 

in  E.  A. 

58 

11 

1869.0 

21S;=  +  10.6 

=  2.60  a  +0.03  if 

■78 

1860.0 

2i 

=  +    8.2 

=  2.60 

+  0.05 

64 

79 

1861.0 

2 

=  +    6.3 

=  2.09 

+  0.03 

41 

80 

1802.0 

n 

=  +    7.0 

=  2.60 

+  0.05 

60 

81 

1863,0 

21 

=  +   6.6 

=  2.69 

+  0.08 

88 

82 

1861.0 

2 

=  +    4.3 

=  2.09 

+  0.03 

35 

83 

1836.0 

n 

=  +   3.9 

=  1.67 

+  0.04 

37 

84 

1866.0 

n 

=  +    1.1 

=  2.60 

+  0.08 

76 

85 

1867.0 

2i 

=  -    1.8 

=  2.60 

+  0.02 

83 

80 

1868.0 

2 

=  —    3.8 

=  2.09 

+  0.04 

40 

87 

1869.0 

21 

=  —    9.1 

=  2.61 

+  0.02 

68 

88 

1870.0 

2 

=  —    9.6 

=  2.084 

+  0.054 

31 

89 

1871.0 

li 

=  — 10.6 

=  1.560 

+  0.040 

21 

90 

1872.1 

2i 

=  —  19.1 

=  2.600 

+  0.070 

60 

imbe: 

i:  of  observations  in  R.  A., 

3763. 

We  have  next  to  express  the  values  of  ^?.  and  Ip  in  tei'ms  of  the  corrections  to 
the  elements.     Differentiating  the  expressions 

A  =  ?  +  ('2e  —  ie')  sin  (l  —  7t)-\-  |e^  sin  (21  —  27t)  -\-  ^^V  sin  e'  sin  (3^  —  Stt)  +  etc. 
p^»-{-^^'^-(  —  e-f-  |e^)  cos  (I  —  7i)  —  fe^  cos  (2/  —  f  ti)  —  etc., 
with  respect  to  I,  c,  and  tt,  and  reducing  the  coefficients  to  numbers,  we  find 
^  ^  1  ^  0.0939  cos  ff  +  0.0055  cos  2g 

1^^  1.999  siny  +  0.117  sin  2j  +  0.007  sin  3^ 

^•^      _  2.000  cos^  —  0.117  cos  2j  —  0.007  cos 3^ 


We  have  here  put  I  for  tho  meat 

■cooy  — u.ii. 
1  longitude,  or 

vhence 

;  =  »(  +  « 

ex    ex 
'es~ei 

ex     ex 
eH~'ei 

Also,  from  the  expression  for  p 


i'^~6n'^^^~  ^^"^  ^'"^  ^  +  ^^'  ^'"  %  +  •  • 


l=^-c-J»': 

)  cos  f^  —  |e  cos  2g  —  etc. 

ap      6f     2 

dii  ~    Bl      3» 

The  values  of  these  coefficients  jvhich  depend  only  on  g  are  shown  in  the  following 
table ; 

21        May,  1873. 
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6X 

^;l 

d% 

^P 

^P 

«,_ 

9 

'6s 

de 

-'edn 

ds 

de 

edit 

0" 

-fl.099 

0 

—3.124 

0 

—1.00 

0 

1 

1.099 

+0,039 

2.124 

+0.001 

1.00 

-0,02 

2 

1.099 

0.079 

2.123 

0,002 

1.00 

0.03 

S 

1,099 

0.118 

2.121 

0,002 

1.00 

0,05 

i 

1,099 

0.158 

2.118 

0,003 

1.00 

0.07 

5 

+1.099 

+0.196 

—2.114 

+0.004 

—1,00 

—0.09 

fi 

1,099 

0.235 

2.110 

0.005 

0.99 

0.10 

1 

1.099 

0.274 

2,105 

0.006 

0.99 

0.12 

8 

1.098 

0.313 

2.099 

0.006 

0.99 

0.14 

9 

1.098 

0.352 

2,092 

0.007 

0.99 

0.16 

10 

+i.oy8 

+0.391 

—2.085 

+0.008 

—0.98 

— o.n 

11 

1.097 

0.430 

2,077 

0.009 

0.98 

0.19 

12 

1.09T 

0.468 

2.069 

0.010 

0.98 

0.21 

13 

1.097     ■ 

0.505 

2,059 

O.Oll 

0,97 

0.22 

14 

1.096 

0,644 

2.049 

0.011 

0,97 

0.24 

15 

+  1.096 

+0.581 

^2.038 

+0.013 

—0.97 

—0.26 

16 

1,095 

0.018 

2.027 

0.013 

0,96 

0.28 

n 

1.095 

0.655 

2.014 

0.014 

0.96 

0.29 

18 

1.094 

0.093 

2.001 

0,015 

0.95 

0,31 

19 

1.094 

0.729 

1.987 

0.015 

0.95 

0,33 

20 

+1.093 

+0,765 

—1.973 

+0,016 

-0.94 

—0.34 

21 

1.092 

0,801 

1.957 

0.017 

0.93 

0.36 

22 

1,091 

0.836 

1,941 

0.018 

0.93 

0.37 

23 

1.090 

0.872 

1.925 

0.018 

0.92 

0,39 

24 

1.090 

0.907 

1.907 

0.019 

0.91 

0.41 

25 

+1.089 

+0.942 

—1.890 

+0.020 

—0.91 

—0.42 

26 

1.088 

0.976 

1.873 

0.031 

0.90 

0.44 

21 

1.0S7 

1.010 

1.852 

0.021 

0.89 

0.45 

28 

1.086 

1,043 

1.833 

0,032 

0,88 

0,47 

29 

1.085 

1.076 

1.811 

0.023 

0,87 

0  48 

30 

+  1.084 

+1.103 

—1,790 

+0.023 

-0.81 

—0,50 

31 

1.084 

1.140 

1,709 

0.024 

0,86 

0,51 

32 

1.083 

1.172 

1.747 

0.035 

0,85 

0.53 

33 

1.083 

1.203 

1.724 

0.036 

0.84 

0.54 

34 

1.080 

1.233 

1,700 

0.036 

0.83 

0,56 

35 

+  1.079 

+  1,264 

—1.676 

+0,037 

—0,82 

—0.57 

3fi 

1.078 

1,294 

1.651 

0.028 

0.81 

0.59 

37 

1.077 

1.323 

1.626 

0.028 

0.80 

0.60 

38 

l.OTfi 

1,351 

1.601 

0.029 

0.79 

0.62 

39 

1.074 

1.379 

1.574 

0.030 

0.78 

0.63 

40 

+  1.073 

+1.407 

—1.548 

+0.030 

—0.77 

—0.64 

41 

1.072 

1.434 

1.521 

0.031 

0,76 

0.G6 

42 

1.070 

1.460 

1.494 

0.031 

0,74 

0.67 

43 

1.069 

1.486 

1.466 

0.032 

0,73 

0,68 

44 

1,068 

1.511 

1,438 

0.033 

0,72 

0,70 

45 

+1.0G7 

+1.536 

—1.409 

+0.033 

—0.71 

—0.71 

46 

1.065 

1.561 

1.380 

0.034 

0.70 

0,71 

41 

1.064 

1.584 

1.351 

0.034 

0.68 

0.72 

48 

1,063 

1.606 

1,320 

0,035 

0.G7 

0,74 

49 

1.061 

1.629 

1,290 

0.036 

0,66 

0.75 

50 

+1.060 

+1,651 

—1.360 

+0,036 

—0,64 

—0.76 

51 

1.058 

1.672 

1.229 

0.037 

0.63 

0,77 

52 

1.057 

1.692 

1.197 

0.037 

0.62 

0.78 

53 

1,055" 

1.712 

1.165 

0.037 

0.60 

0.79 

54 

1,054 

1.731 

1.133 

0,038 

0.59 

0,80 

55 

+1.052 

+  1,750 

—1.100 

+0,038 

-0.57 

-0.81 

56 

1.051 

1.768 

1.06T 

0.039 

0,56 

0.82 

51 

1.049 

1.785 

1.034 

0.039 

0.54 

0,83 

58 

1.047 

,        1.802 

1.002 

0.040 

0,53 

0,84 

59 

+1.046 

■     +1.817 

—0,968 

+0.040 

—0.51 

—0,85 
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S-A 

dx 

6X 

,5p 

^P 

j»p_ 

? 

<5s 

de 

edit 

.5*- 

de 

ed-jt 

fiO° 

+1.044 

+1.833 

—0.935 

+0.041 

—0.50 

—0,86 

61 

1.043 

1.848 

0.901 

0.041 

0,49 

0.87 

62 

1.041 

1.862 

0.867 

0.041 

0,47 

0.87 

63 

1.040 

1.875 

0,832 

0.042 

0.45 

0,88 

64 

1.038 

l!888 

0.798 

0.043 

0.44 

0.89 

65 

+1.036 

+1.901 

—0.763 

+  0.043 

—0.42 

—0.90 

r,G 

1.034 

1.912 

0.728 

0.043 

0.41 

0.91 

fit 

1.033 

1.922 

0.693 

0,043 

0.39 

0.91 

68 

1.031 

1.933 

0.659 

0.044 

0.37 

0.92 

69 

1.030 

1,942 

0.634 

0.044 

0.36 

0.93 

70 

+1.028 

+  1.950 

—0,588 

+0.044 

—0.34 

-0.94 

1.027 

1.959 

0.553 

0.044 

0.33 

0.95 

n 

1.025 

1.967 

0.518 

0.045 

0  31 

0.95 

13 

1.023 

1.974 

0.483 

0,045 

0,29 

0.96 

T4 

1.021 

1.980 

0.447 

0,045 

0.38 

0.96 

75 

+1,019 

+  1.985 

—0.412 

+0.045 

—0.26 

—0.97 

76 

1.018 

1.990 

0,376 

0.046 

0.24 

0.97 

77 

1.016 

1.994 

0.341 

0.046 

0.22 

0.97 

7S 

1.014 

1.997 

0.305 

0.046 

0.21 

0.98 

7a 

1.013 

2.000 

0,269 

0.046 

0.19 

0.98 

80 

+1.011 

+2.003 

—0.333 

+0,046 

—0.17 

—0.98 

81 

1.010 

2.005 

0.198 

0,046 

0.16 

0.99 

8-2 

1.008 

2.007 

0.163 

0,046 

0,14 

0.99 

83 

1,006 

2.007 

0.128 

0.047 

0.12 

0.99 

84 

1.005 

2.000 

0.093 

0.047 

o.n 

0.99 

85 

+1.003 

+2.005 

—0,057 

+0.047 

—0.09 

—1.00 

86 

1.002 

2.004 

—0.033 

0.047 

0.07 

1.00 

87 

1.000 

2.003 

+0.013 

0.047 

0.05 

!.00 

88 

0.998 

2.000 

0.048 

0.047 

0.03 

1,00 

89 

0.997 

1,907 

0  083 

0.047 

—0.03 

1.00 

90 

+0.095 

+1,993 

+0.117 

+0.047 

0.00 

^1.00 

91 

0,993 

1.989 

0.153 

0.047 

+0.03 

1.00 

93 

0.992 

1.984 

0.186 

0.047 

0.03 

1.00 

93 

0.900 

1.978 

0.220 

0.047 

0,05 

1,00 

94 

0.988 

1.9T2 

0.254 

0.047 

0,07 

1,00 

95 

+0.987 

+1.965 

+0.287 

+0.047 

+0.09 

—1,00 

96 

0.985 

1,958 

0.321 

0.047 

0.11 

0.99 

97 

0.984 

1,950 

0.354 

0,047 

0.12 

0.99 

98 

0.982 

1.943 

0.387 

0.046 

0.14 

0.99 

99 

0.980 

1,933 

0.421 

0.046 

0.16 

0.99 

100 

+0,979 

+1.924 

+0.453 

+0.046 

+0.17 

—0.98 

101 

0.977 

1.914 

0.487 

0,046 

0.19 

0,98 

102 

0,976 

1.903 

0.519 

0.046 

0.21 

0.08 

103 

0,974 

1.893 

0.551 

0,046 

0,22 

0.97 

104 

0,972 

1.882 

0,582 

0,046 

0.24 

0.97 

105 

+0.971 

+1,869 

+0.614 

+0,045 

+0,26 

—0,97 

Iflfi 

0.969 

1,857 

0.645 

0,045 

0,28 

0.96 

107 

0.968 

1.844 

0,677 

0,045 

0,29 

0.96 

103 

0.967 

1.829 

0,707 

0.045 

0.31 

0.95 

109 

0,9(55 

1,815 

0.737 

0.044 

0.33 

0.95 

no 

+0.9G4 

+1.800 

+0.768 

+0.044 

+0.34 

—0.94 

in 

0.962 

1.786 

0.798 

0.044 

0.36 

0.93 

112 

0.961 

1,770 

0.837 

0.044 

0.37 

0.92 

113 

0.959 

1.-754 

0.855 

0.043 

0.39 

0.91 

114 

0,958 

1.738 

0.884 

0.043 

0.41 

0.91 

115 

0,956 

+1.731 

+0,913 

+0.043 

+0.43 

—0.90 

llfi 

0.955 

1.704 

0.942 

0.042 

0.44 

0.89 

117 

0.954 

1.686 

0.970 

0.042 

0.45 

0.88 

118 

0,95.^ 

1.6C8 

0.997 

0.041 

0.47 

0.87 

119 

+0.951 

+1.650' 

+1.035 

+0.041 

+0,49 

— 0.87 
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6% 

6% 

dx 

^P 

5p 

Sf_ 

9 

d~c 

6e 

edn 

di 

de 

edit 

120° 

+0,050 

+1.631 

+1.051 

+  0.041 

+0.50 

—0.86 

12J 

0.949 

1.611 

1.077 

0.040 

0.51 

0.85 

123 

0.948 

1*.592 

1.104 

0.040 

0,53 

0.84 

123 

0.947 

1.571 

1.129 

0,039 

0,54 

0.83 

124 

0.945 

1.551 

1.154 

0,039 

0.56 

0.83 

125 

+0.944 

+  1.530 

+  1.180 

+0.038 

+0.57 

—0.81 

126 

0.943 

1.509 

1.205 

0.038 

0,59 

0,80 

12T 

0.943 

1.488 

1.229 

0,037 

0,60 

0.79 

128 

0.941 

1,466 

1.253 

0.037 

0  62 

0.78 

129 

0.940 

1.443 

1.377 

0.037 

0.63 

0.77 

130 

+0.939 

+1.421 

+1.300 

+0.036 

+0,64 

—0,76 

131 

0,937 

1,397 

1.322 

0.036 

0,66 

0.75 

132 

0.936 

1.374 

1-344 

0.035 

0,67 

0.74 

133 

0.936 

1.350 

1.367 

0,034 

0.68 

0.72 

134 

0.935 

1.327 

1.388 

0.034 

0.70 

0,71 

135 

+0.934 

+1,302 

+1.409 

+0.033 

+0.71 

—0.71 

136 

0.933 

1.277 

1.430 

0.033 

0.71 

0,70 

131 

0.932 

1.253 

1.451 

0.032 

0.72 

0.68 

138 

0.931 

1-228 

1.470 

0.031 

0,74 

0.67 

139 

0.930 

1.203 

1.489 

0.031 

0.75 

0.66 

140 

+0.939 

+1.177 

+1.508 

+0.030 

+0.76 

—0.64 

141 

0.938 

1.151 

1.521 

0.030 

0.77 

0.63 

143 

0.927 

1.124 

1.545 

0,039 

0,78 

0,63 

143 

0,927 

1.099 

1.5G2 

0.028 

0.79 

0.60 

144 

0.936 

1.072 

1.580 

0.028 

0.80 

0.59 

145 

+0.925 

+1.044 

+  1.596 

+0.027 

+0.81 

—0.57 

14(S 

0.934 

1.016 

1,613 

0.026 

0.83 

0,56 

14T 

0.933 

0.989 

1.629 

0.026 

0.83 

0,54 

148 

0.932 

0.962 

1.644 

0.025 

0.84 

0,63 

149 

0.932 

0.934 

J. 659 

0.024 

0.85 

0.51 

150 

+0.931 

+0.906 

+1,674 

+0,023 

+0,86 

—0.50 

151 

0.921 

0.878 

1,688 

0.023 

0.87 

0.49 

153 

0.920 

0.849 

1,702 

0.022 

0.87 

0.47 

153 

0.919 

0.S20 

1,714 

0.021 

0.88 

0,45 

154 

0.919 

0.792 

1.727 

0.021 

0.89 

0.44 

155 

+0.919 

+0.762 

+1-740 

+0.030 

+0.90 

—0.43 

156 

0.918 

0.733 

1.751 

0.019 

0.91 

0.41 

15T 

0.918 

0.704 

1.763 

0.018 

0.91 

0.39 

158 

0,917 

0.674 

1.773 

0.018 

0.92 

0.37 

159 

0,916 

0.645 

1.783 

0.017 

0.93 

0.36 

160 

+0.916 

+0.615 

+1.793 

+0.016 

+0.94 

—0.34 

161 

0.915 

0.585 

1,803 

0.015 

0.95 

0.33 

162 

0,915 

0.555 

1,811 

0.015 

0,95 

0.31 

163 

0.915 

0.525 

1.820 

0.014 

0.96 

0.39 

164 

0.915 

0.494 

1.829 

0,013 

0,96 

0.38 

165 

+0,9U 

+0.465 

+1,836 

+0.013 

+0,97 

-0,26 

166 

0,914 

0.435 

1.843 

O.OU 

0,97 

0.24 

16T 

0.914 

0.403 

1.849 

0.011 

0.97 

0.32 

168 

0.913 

0.373 

1.855 

0.010 

0,98 

0.21 

169 

0,913 

0,343 

1.860 

0.009 

0,98 

0.19 

170 

+0.913 

+0.311 

+1.865 

+0.003 

+0,98 

—0.17 

171 

0,912 

0.280 

1,870 

0.007 

0,99 

0.16 

172 

0.913 

0.249 

1.875 

0.006 

0.99 

0.14 

173 

0.913 

0.219 

1.879 

0,006 

0.99 

0.13 

174 

0,912 

0.187 

1.882 

0.005 

0.99 

0,11 

175 

+0,911 

+0.156 

+  1.884 

+0.004 

+1.00 

—0,09 

176 

0.911 

0.126 

1.886 

0.003 

1.00 

0.07 

177 

0.911 

0.094 

1.888 

0.002 

1.00 

0.05 

178 

0,911 

0.063 

1.889 

0,003 

1.00 

0.03 

179 

+0.911 

.'■+0.031 

+1.890 

+0,001 

+1,00 

—0,02 
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In  the  equations  of  condition  ten  years  has  been  adopted  for  the  unit  of  time, 
in  order  to  make  the  general  value  of  the  coefficients  as  nearly  equal  as  possible, 
and  the  time  has  been  counted  from  the  epoch  1830.0,  in  order  to  have  the  posi- 
tive and  negative  values  of  (  in  the  equations  more  nearly  balanced.  To  distin- 
guish these  values  of  6e  and  In  they  are  marked  with  .an  accent.     This  unit  of 

2 

time  gives  0.8914  for  the  value  of  —  in  arc,  whence 
3rt 


The  equations  of  condition  are  now  formed  by  putting  in  the  precedir 
tions  for  heliocentric  longitude  and  radius  vector 


,+f  i„+^p&+ 


edn 


ex 


For  the  coefficients  —  have  been  taken  one-hundredth  the  perturbations  of 

longitude  produced  by  Neptune,  as  given  in  the  heliocentric  ephemeris  at  the  end 
of  Cliapter  V.     The  corrected  mass  of  Neptune  will  then  be 

Tonn'^   ^  MUX 


nooo 


100/ 


Finally,  I  remark  that  all  the  preceding  comparisons  are  made  with  the  helio- 
centric ephemeris  as  printed,  without  the  correction  indicated  in  the  column 
adjoining  it,  but  in  the  following  equations  this  correction  is  for  the  first  time 
introduced. 


Equations  of  coivlition  given  l)y  the  Corrections  m  Longitude. 


1 

0.06,V 

—  0.70:n 

— O.lOSe 

+0.03eSa 

+0.12V 

=  +  r.i 

2 

0.10 

—  1.11 

+0.01 

—0.19 

+0.12 

=  +2.2 

3 

0.31 

—  2.55 

+0.33 

+0.51 

-0.22 

=  +12.8 

4 

032 

—  2.52 

+0.27 

+0.68 

—0.18 

=  +11.8 

5 

0.30 

—  2.32 

+0.12 

+o;59 

-0.09 

=  +11.6 

6 

0.19 

—  1.40 

—0.01 

+0.39 

0.00 

=  +5.0 

1 

0.19 

—  1.18 

-0.29 

+0.23 

+0.22 

=  +4.8 

8 

1.41 

-  6.75 

—2.69 

—0.75 

+2.47 

=  +  2  8 

9 

1.06 

—  5.01 

—1.98 

—0.72 

+1.85 

=  +1.1 

10 

1.07 

—  4.91 

—1.94  . 

—0.86 

+1.85 

=  +1.7 

11 

1.09 

—  4.87 

-1.86 

—1.04 

+1.85 

=  -0.5 

12 

0.73 

—  3.06 

—1.04 

—0.97 

+1.16 

=  +  1.0 

13 

0.54 

-  2.20 

—0.71 

-0.78 

+0.82 

=  +1.4 

14 

0.65 

—  2.19 

—0.68 

—0.81 

+0.81 

=  —0.6 

15 

0.73 

^  2.86 

-0.82 

—1.16 

+1.03 

=  —0.9 

16 

0.37 

—  1,39 

—0.36 

—0.60 

+0.49 

=  —0.2 

17 

0.56 

—  2.05 

—0.47 

—0.95 

+0.70 

=  -0.4 

18 

0.37 

—  1.33 

^0.26 

—0.65 

+0.44 

=  +0.6 

19 

0.75 

—  2.59 

-0.38 

—1.34 

+0.82 

=  —  l.O 

Hosted  by 


Google 


THE   ORBIT    or   TTRANUS. 


20 

0.56!i 

—    1.89!'; 

'    -0.22Se 

—l.Oieht 

+0.58V 

=  —  0".9 

21 

0.68 

—  1.92 

-0.13 

—1.12 

4-0.55 

=  —0.5 

22 

0.38 

—  1.15 

+0.09 

-0.74 

4-0.24 

=  —0.2 

23 

0.38 

—  1.11 

--0.15 

—0.73 

+0.21 

=  —0.3 

24 

1.15 

—  3.18 

—0.65 

—2.13 

+0.50 

=  +0.6 

26 

1.13 

—  2.81 

-1.11 

—1.91 

+0.19 

=  +0.6 

26 

0.66 

—  1.33 

+0.62 

—0.89 

+0.05 

=  +0.1 

21 

1.12 

—  254 

+  1.38 

—  1.08 

0.00 

=  +2.1 

28 

0.36 

—  1.21 

+0.75 

-0.79 

—0.04 

=  —0.1 

29 

0.70 

—  1..56 

+1.09 

—0.97 

—0.10 

=  +1.0 

30 

1.11 

—  2.19 

+1.73 

—1.32 

-0.23 

=  +2.2 

31 

1.09 

—  2.04 

+  1.81 

-1.14 

—0.29 

=  +1.3 

32 

0.56 

—  0.98 

+0.96 

—0.51 

-0.18 

=  +0.7 

33 

0.55 

—  0.91 

+1.00 

—0.43 

-0.21 

=  +1.1 

34 

1.08 

-  169 

+2.03 

-0.71 

—0.46 

=  +1.5 

3.5 

1.63 

—  2.37 

+3.11 

—0.82 

—0.74 

=  +  2.0 

35' 

1.07 

—  1.45 

+2.08 

-0.38 

—0.62 

=  +0.4 

35" 

1.06 

—  1.33 

+2.10 

—0.22 

—0.55 

=  +0.8 

36 

1.58 

—  1.83 

+3.18 

—0.09 

—0.85 

=  +0.3 

37 

1.05 

—  l.Il 

+2.10 

+0.08 

—0.59 

=  —0.8 

38 

1.04 

-  0.99 

+2.07 

+0.20 

—0.59 

=  —1.3 

3!) 

0.69 

—  0.58 

+1.30 

+0.27 

-0.39 

=  +0.8 

40 

0.69 

—  0.51 

+  1.33 

+0.38 

—0.39 

=  +0.8 

41 

0.68 

—  0.44 

+1.29 

+0.47 

—0.39 

=       0.0 

42 

1.01 

—  0.36 

+  1.88 

+0.84 

—0.59 

=  +0.3 

43 

0.67 

—  0.30 

+  1.20 

+0.64 

-0.38 

=  —0.5 

44 

1.00 

—  0.33 

+  1.72 

+  1.09 

—0.57 

=  +  0.2 

45 

1.95 

—  0.50 

+3.21 

+2.39 

-1.12 

=  —2.5 

46 

2.42 

—  0.37 

+3.77 

+3.21 

—1.36 

=  —2.6 

47 

2.42 

—  0.12 

+3.53 

+3.52 

—1.37 

=  —2.4 

48 

2.39 

+  0.12 

+3.22 

+3.69 

-1.33 

=  —4.9 

49 

1.91 

+  0.28 

+2.37 

+3.14 

—1.07 

=  -  0.1 

60 

1.91 

+  0.48 

+2.15 

+3.30 

-1.08 

=  —2.4 

51 

2.37 

+  0.83 

+2.34 

+4.32 

-1.34 

=  —4.5 

52 

2.36 

+  1.06 

+2.02 

+4.44 

—1.36 

=  —4.3 

63 

2.37 

+  1.32 

—1.68 

+4.62 

—1.37 

=  —  5.5 

54 

2.85 

+  1.86 

--1.66 

--5.64 

-1.88 

=  —  7.6 

56 

2.84 

+  2.17 

--1.22 

--5.74 

—1.71 

=  —4.1 

66 

2.84 

+  2.44 

--0  81 

--5.84 

—  1.74 

=  —2.1 

67 

2.83 

+  2.71 

-0.40 

+5.88 

-1.78 

=  —1.7 

68 

2.83 

+  3.00 

—0.06 

4-6.88 

—1.82 

=  —  2.0 

59 

2.82 

+  3.28 

—0.44 

+5.84 

—1.86 

=  +0.3 

60 

2.83 

+  3.67 

—0,84 

+5.81 

—1.91 

=  +1.2 

61 

2.85 

+  3.90 

-1.27 

+6.78 

-1.98 

=  +4.4 

62 

286 

+  4.21 

—1.74 

-i-5.64 

—202 

=  --  4.8 

63 

1.91 

+  3.02 

-1.42 

+3.69 

—1.39 

=  --  4.0 

64 

2.85  - 

+  4.78 

—2.50 

+5.32 

—2.14 

=  --  6.0 

65 

1.91 

+  3.39 

-1.92 

+3.46 

—1.47 

=  --  6.6 

66 

1.92 

4-  3.61 

—2.18 

+3.32 

— 1..52 

=  --  4.3 

67 

1.93 

+  3.82 

—2.40 

+3.17 

— 1..56 

=  +6.6 

68 

1.94 

,+  1.05 

—2.65 

+2.98 

—1.60 

=  +7.3 

69 

1.94 

•+  4.20 

—2.83 

4-2.80 

—1.04 

=  4  6.6 
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70 

1.958e' 

+  4.443ti' 

— 3.04t'« 

-f2,59rf;t 

— 1.68,S» 

=  -|-  6".8 

71 

1.98 

+  4.73 

—3.23 

-1-2.37 

-1.73 

=  --  8.1 

72 

1.99 

+  4.93 

—3.44 

-1-2.15 

-1.76 

=  -H  9.1 

73 

1.99 

+  5.13 

—3.58 

-fl.91 

—1.78 

=  --  8.7 

74 

2.00 

+  6.35 

—3.73 

4-1.64 

-1.80 

=  --  8.1 

75 

2.53 

+  7.03 

—4.83 

-1-1.73 

—2.30 

=  --10.6 

76 

2.54 

+  7.34 

—4.96 

-1-1.33 

—2.29 

=  -1-10.9 

77 

3.56 

- 

-  7.64 

—5.07 

-1-0.97 

—2.31 

=  +8.2 

78 

3.07 

- 

r  6.38 

—4.14 

+0.47 

—1.86 

=  +6.3 

79 

3.59 

- 

-  8.25 

—5.20 

-f0.21 

—2.32 

=  +7.0 

80 

2.60 

-  8.51 

—5.21 

—0.15 

—2.29 

=  +6.6 

81 

2.11 

_ 

-  7.14 

-4.19 

—0.61 

—1.83 

=  +4.3 

83 

1.60 

- 

-  5.56 

—3.13 

—0.58 

—1.36 

=  +3.9 

83 

2.67 

_ 

-  9..59 

—5.12 

—1.37 

—2.20 

=  +  1.1 

84 

3.68 

- 

-  9.92 

—5.00 

—1.80 

—2.14 

=  —1.8 

85 

2.17- 

_ 

-  8.22 

—3.92 

—1.75 

—1.67 

=  —  3  .8 

86 

2.73 

_ 

-10.61 

—4.97 

—2.59 

—2.01 

=  —9.0 

87 

2.20 

- 

-  8.78 

—3.63 

—2.33 

—1.62 

=  —9.6 

88 

1.65 

^ 

-  6.74 

—2  68 

—1.96 

—1.08 

=  -10.6 

89 

2.77 

- 

-11.61 

-4.04 

—3.61 

—1.69 

=  —19  .9 

The  following  are  the  approximate  normals  to  which  these  equations  give  rise. 
Inaccuracies  being  detected  in  several  of  the  equations  of  condition  after  these 
normals  were  formed,  they  do  not  accurately  correspond  to  those  equations  as  written. 


283.6486' 

+  414.36tV 

-151.63;e 

+247.23e8M 

—176.03V 

=  + 123'.6 

414.36 

+1619.44 

—689.11 

+360.26 

—436.02 

=  +  103.2 

151.63 

—  689.11 

+657.82 

+  38.46 

+122.88 

=  —399.8 

347.23 

+  260.26 

+  38.45 

+618.46 

—194.60 

=  +  267.3 

176.03 

—  436.02 

+122.88 

—194.60 

+163.13 

=  —  138.1 

The  values  of  the  unknown  quantities  deduced  from  these  normals  were  substi- 
tuted in  the  equations  of  condition,  and  a  farther  approximation  was  made  by 
solving  tlie  equations  given  by  the  residuals.     The  following  are  the  first  approxi- 
mations given  by  the  normals,  and  the  finally  concluded  corrections 
Preliminary.  Final. 

V',  —15.00         —13.44 

ehTt,  —  0.52         —  0.36 

^€,  —  4.25         —  4.04 

mn  r:^  hi'—  4.73         —  4.33 
he\  _  3.78         —  3.44 

Mass  of  Neptune  ^^i^jf  jshs- 

The  final  values  of  the  corrections  being  substituted  in  the  equations  leave  the 
following  system  of  residuals,"  or  outstanding  excesses  of  the  observed  longitudes 
over  theory.  Column /^?  gives  the  residual  of  the  equation  itself;  the  probable 
error  of  which  has  always  been  judged  to  be  0."5,  while  in  column  II  this  residual 
is  divided  by /to  obtain  the  residual  correction  of  the  longitude  itself.  The  values 
of  the  factors /are  found  with  th^  original  equations  on  pages  159  and  160. 
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No.  of  Eq.   Year. 

fU 

il 

No.  of  Eq.   Year. 

ni 

f 

1 

1691.0 

—0.5 

-10. 

35" 

1817.4 

-0.3 

—  0.3 

36 

1818.4 

—0.7 

—  0.6 

2 

1715.3 

—0.8 

—10. 

37 

1819.4 

—1.4 

—  1.4 

3 

1748.8 

+  1.5 

+0.8 

+  45 

+  24 

38 

1820.5 

—1.4 

—  1.4 

4 

1750.8 

39 

1821.5 

+0.9 

+  1.4 

5 

1753.9 

+2.2 

+  ■6.6 

40 

1832.5 

+1.4 

+  2.1 

6 

n.;6.7 

—0.3 

—  1.0 

41 

1833.5 

+0.6 

+  0.9 

■; 

1769.0 

—0.3 

—  1.0 

42 

1824.6 

+1.3 

+  1-2 

43 

1835.5 

+0.7 

+  1.0 

8 

17820 

+0.1 

+  0.3 

44 

1836.5 

+2.0 

+  20 

9 

1783.0 

—0.5 

—  0.5 

10 

17840 

+0.6 

+  0.6 

45 

1837.7 

+1.0 

+  0.5 

U 

1785.0 

-1.0 

-  1.0 

46 

1828.7 

+26 

+  1.0 

47 

1829.7 

+2.8 

+  1.1 

12 

1788.0 

+1.2 

+  1.8 

48 

1830.7 

+0.4 

+  0.2 

13 

1789.0 

+1.7 

+  3.4 

49 

1831.7 

+4.1 

+  2.0 

14 

1790.0 

—0.6 

—  1.0 

16 

1791.0 

—0.7 

—  1.0 

50 

1832.7 

+1.8 

+  0.9 

16 

1793.0 

0.0 

0.0 

51 

1833.8 

+0.6 

+  0.3 

53 

1834.8 

+0.1 

0.0 

n 

1793.0 

—0.1 

—  0.3 

53 

1835.8 

—  1.4 

—  0.6 

18 

1794.0 

+0.5 

+  1.5 

54 

1836.8 

—3.4 

—  1.1 

19 

1795.0 

-0.6 

—  0.9 

20 

1796.0 

—0.6 

—  1.0 

65 

1837.8 

—0.6 

—  0.2 

21 

1797.1 

—0.6 

—  1.3 

56 

1838.8 

+0.6 

+  0.3 

57 

1839.8 

—0.4 

—  0.1 

22 

1800.3 

—1.4 

—  42 

58 

1840.8 

—1.7 

—  0.6 

23 

1801.2 

—1.4 

-  43 

69 

1841.8 

—0.3 

—  0.1 

24 

1803.3 

—0.6 

—  0.6 

26 

1805.3 

—1.4 

—  1.4 

60 

1843.8 

—0.5 

-  0.3 

26 

1806.3 

—1.0 

-  2.0 

61 

1843.8 

+1.6 

+  0.5 

37 

1807.3 

—0.1 

—  0.1 

63 

1844.9 

+0.7 

+  0.2 

28 

1808.3 

-1.0 

—  2.0 

63 

1845.9 

+0.6 

+  0.3 

64 

1846.9 

—0.4 

—  0.1 

29 

1809.3 

+0.1 

+  0.2 

30 

1810.3 

—0.1 

—  0.1 

65 

1847.9 

+0.6 

+  0.3 

31 

1811.3 

—0.9 

—  0.9 

66 

1848.9 

-1.6 

—  0.8 

67 

1849.9 

+0.2 

+  0.1 

33 

1812.4 

—0.3 

—  0.6 

68 

1850.9 

+0.3 

+  0.3 

33 

18134 

+0.1 

+  0.3 

69 

1851.9 

—1.2 

—  0.6 

34 

1S14.4 

—0.4 

-  0.4 

35 

1815.4 

—0.3 

—  0.2 

70 

1852.9 

-1.2 

—  0.6 

36' 

1816.4 

^0.8 

—  0.8 

71 

1853.9 

—0.2 

—  0.1 
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Ko.  of  Eq.   Year. 


80      1863.0 


/« 


il 


72      1864.9         +0.5        +  0.2 
13      1856.9  0.0  0.0 

74      1856.9         —0.5         —  0.2 


76 

1868.0 

—0.2 

—  0.1 

76 

1859.0 

+0.9 

+  0.4 

77 

1860.0 

—1.1 

—  0.4 

78 

1861.0 

—0.6 

—  0.3 

79 

1862.0 

—0.6 

—  0.2 

+0.2        +  0.1 


No.  of  Eq.    Year. 

fa 

? 

81 

1864.0 

+0.7 

+  0.4 

82 

1865.0 

+2.2 

+   1.6 

83 

1866.0 

+1.0 

+  0.4 

84 

1867.0 

+0.5 

+  0.2 

85 

1868.0 

+0.4 

+  0.3 

86 

1869.0 

—1.9 

—  0.8 

87 

1870.0 

—0.1 

0.0 

88 

1871.0 

-1.2 

-  0.8 

89 

1872.1 

+0.4 

+  0.2 

A  simple  glance  at  the  course  of  the  residuals  shows  (1)  that  their  probable 
value  is  considerably  greater  than  the  probable  error  attributed  to  the  equations 
of  condition,  being  more  nearly  0".7  than  0".5,  and  yet  larger  in  the  later  years; 
(2)  that  during  certain  periods  they  are  of  a  systematic  character.  During  the 
years  1T48  to  1753  the  observations  show  a  decided  positive  correction  to  the 
theory  of  a  magnitude  greater  than  we  can  consider  probable,  amounting  to  about 
one-third  of  a  second  of  time  in  the  mean  of  Bradley's  two  observations  of  1748 
and  1753.  About  1800  the  correction  becomes  negative,  and  so  continues  for 
20  years  with  an  average  value  of  about  1".  In  1821  it  suddenly  becomes 
positive,  and  so  continues  until  1833.  From  this  year  forward  the  residuals  are 
not  systematic  in  character. 

In  order  to  show  clearly  the  general  course  of  the  outstanding  corrections,  they 
have  been  divided  into  groups,  generally  including  about  five  years  each.  The 
mean  outstanding  correction  for  each  group,  taken  with  respect  to  the  weights 
indicated  by  the  factors  f,  is  as  follows.  In  the  column  e  is  shown  what  the 
probable  error  of  the  residual  should  be  if  the  weights  assigned  to  the  several 
equations  were  strictly  correct,  and  no  systematic  errors  were  present  either  in 
theory  or  observation. 


II 


1716.2 

-10. 

±6. 

1761.1 

+  3.7 

±0.8 

1769.0 

—  1.0 

±2.6 

1783.3 

—  0.18 

±0.23 

1790.0 

+  0.62 

±0.40 

1796.0 

—  0.55 

±0.41 

1802.0 

—  1.26 

±0.46 

1806.6 

—  1.00 

±0.31 

1810.6 

—  0.37 

±0.32 

1814.5 

-  0.37 

±0.23 

1819.6 

—  0.37 

±0.18 

a2      May 

1373. 

M 


1824.8 

+  1.50 

±0.16 

1829.7 

+  0.91 

±0.10 

1836.2 

—  0.27 

±0.09 

1839.8 

—  0.17 

±0.07 

1844.8 

+  0.14 

±0.03 

1849.9 

—  0.21 

±0.11 

1864.9 

—  0.14 

±0.11 

1860.0 

—  0.13 

±0.09 

1866.0 

+  0.36 

±0.10 

1870.0 

—  0.21 

±0.11 
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A  simple  glance  at  the  residuals  hi  shows  that  they  are  much  greater  than  the 
purely  accidental  residuals  resulting  from  the  theory  of  least  squares.  We  may 
divide  the  possible  causes  of  these  systematic  errors  into  three  classes. 

1.  Systematic  Errors  of  Observation. — These  may  result  from  deviation  of  the 
line  of  colliraation  of  the  instrument  from  a  true  great  circle,  or  from  any  pecu- 
liarity of  the  observer  which  leads  to  his  registering  the  transit  of  Uranus  earlier 
or  later  than  that  of  a  fixed  star.  If  we  compare  the  corrections  derived  from  the 
vi'ork  of  different  observatories  as  given  in  the  last  chapter,  we  shall  find  frequent 
cases  not  only  of  systematic  differences  between  the  results  of  different  observa- 
tories, hut  between  those  of  the  same  observatory  in  two  successive  years.  An 
instance  which  particularly  attracted  my  attention  on  first  preparing  the  com- 
parisons of  theory  and  observation  is  that  of  the  Greenwich  observations  for  1831, 
which,  as  compared  with  observations  at  the  same  observatory  during  tlic  years 
preceding  and  following,  seem  to  be  affected  with  some  constant  error  in  U.  A.  of 
about  2".  I  find  that  this  discrepancy  can  be  attributed  only  to  the  original 
observations. 

2.  Errors  in  tJie  TJieory  compared. — These  may  arise  from  eiTors  in  the  preceding 
theoretical  computations,  from  the  omission  of  the  terms  of  the  second  order  pro- 
duced by  Neptune,  from  the  adoption  of  an  erroneous  mass  of  Saturn,  or  from  the 
attraction  of  an  unknown  planet.  With  regard  to  the  probability  of  these  different 
sources  of  error  it  may  be  remarked  that  errors  of  computation  seem  possible  only 
in  the  terms  of  the  second  order,  that  the  mass  of  Saturn  is  taken  from  the 
exhaustive  discussion  of  the  Saturnian  system  by  Bessel,  in  which  an  error  sufficient 
to  influence  the  theory  of  Uranus  seems  highly  improbable,  and  that  a  trans- 
Neptunian  planet  large  enough  to  produce  a  sensible  deviation  of  the  orbit  of 
Uranus  from  an  ellipse  in  the  course  of  a  century  would  be  too  large  to  have  escaped 
detection.  The  choice  of  the  elliptic  elements  of  Uranus  and  Neptuue  is  such 
that  the  terms  of  the  second  order,  due  to  the  action  of  Neptune,  can  scarcely 
become  sensible  within  a  century  of  the  epoch. 

3.  Errors  in  the  various  Beductions  hy  which  Theory  and  Ohserration  are  com' 
pared. — In  the  method  adopted  for  comparing  theory  and  observation  a  number  of 
small  uncertainties  incident  to  the  imperfections  of  the  older  data  of  reduction 
necessarily  creep  in.  In  the  early  observations  the  imperfections  arise  principally 
from  the  uncertainty  of  the  instrumental  corrections,  and  the  errors  in  the  adopted 
positions  of  the  fundamental  stars,  and  indeed  in  nearly  all  the  data  of  reduction. 
In  the  late  years  they  arise  principally  from  the  great  magnitude  of  the  correction 
to  Bouvard's  tables,  and  the  consequent  rapid  change  of  the  corrections  to  the 
geocentric  ephemerides,  which  make  the  determination  of  the  corrections  Al  and 
H  from  theory  and  observation  somewhat  uncertain.  Errors  from  this  source  will 
necessarily  be  in  part  of  a  systematic  character,  and,  in  view  of  their  possibility, 
I  regret  not  having  been  able  to  completely  re-reduce  all  the  observations  before 
1840,  and  to  compare  all  since  directly  with  ephemerides  computed  from  the 
provisional  theory.  In  order,  however,  to  test  the  question  whether  they  are 
sensible,  I  have  prepared  an  ephemeris  from  the  provisional  theory  for  the  three 
recent  oppositions  of  i861-2,  1862-3,  and  1872,  and  compared  it  directly  with 
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the  obseivatioiis.       The  mean  corrections  in  geocentric  longitude  for  groups  of 


observations  are  given  in   coluni 
by  the  work  of  the  last  chapter. 
Opposition     1861-2 


i  (2),  column  (1)  showing  the  correction  given 


<1) 

m 

(1) 

(S) 

(1) 

(2) 

+2".8 

+2'.4i 

+2-.6 

+2'.6, 

— 8-.6 

— 9-.0, 

2.9 

2.4, 

2.3 

2.3, 

—8.5 

-8.1, 

3.0 

3.1, 

2.1 

2.0, 

-7.3 

-7.5, 

2.4 

2.4j 

3.3 

2.9, 

-7.3 

—T-t, 

2.6 

2.1, 

—7.8 
— 7".65 

—7.6, 

Mean~+2T-19 

^2.62 

+2^65 

+2.40 

—7.82 

A  systematic  difference  of  0".16  would  seem  to  be  indicated,  and  on  account  of  it 
a  correction  of  0".10  was  applied  to  the  comparisons  of  the  last  few  years  iu 
forming  the  equations  of  condition. 

In  view  of  the  possibility  of  systematic  errors  from  this  source  it  may  be  con- 
sidered that  too  great  relative  weight  has  been  assigned  to  the  results  of  the  later 
observations.  If  the  residuals  arise  from  errors  of  comparison  and  of  theory,  their 
probable  magnitude  is  nearly  as  great  at  one  epoch  as  at  another.  It  may  there- 
fore be  interesting  to  inquire  what  result  we  should  get  if,  instead  of  assigning 
such  different  weights  to  the  comparisons  at  different  epochs,  we  sought  only  for 
the  best  general  agreement  with  observations  during  the  period  the  planet  has 
been  observed.  The  preceding  system  of  mean  residuals  will  enable  us  to  discuss 
this  question  quite  easily.  In  the  first  solution  we  shall  reject  the  results  from 
Flamstoad's  observations,  owing  to  their  assured  uncertainty,  and  those  from 
Le  Monnier's  of  1769,  owing  to  the  possible  maladjustment  of  his  quadrant.  The 
equations  from  the  remaining  residuals  will  be  the  following; 


1.05V 

-7.6SV 

+0.8S'« 

+  1.7d'7t 

-0,58V 

=  +3".7   Wt 

■1 

1.1 

—5.0 

—2.0 

—0.8 

+1,8 

=  —0.18 

2 

1.1 

—4.4 

—1.4 

—1.6 

+1.6 

=  +0.62 

1 

1.1 

—3.9 

—0.6 

-2.0 

+X.2 

=  —0  .55 

1 

1.2 

—3.2 

+0.6 

—2.1 

+0.5 

=  —1  .25 

1 

1.1 

—2.6 

+1.3 

—1.8 

0.0 

=  —1.00 

2 

1.1 

-2.2 

+1.7 

—1.3 

—0.2 

=  -0  .37 

2 

1.1 

—1.7 

+2.0 

-0.7 

—0.5 

=  -0  .37 

2 

1.0 

-1.1 

+2,1 

+0.1 

—0.6 

=  —0  .37 

2 

1.0 

—0.5 

+  1,8 

+0.9 

—0.6 

=  +1  .50 

2 

1.0 

0.0 

+  1,4 

+1.4 

—0.5 

=  +0  .91 

3 

0.9 

+0.6 

+0.8 

+1.8 

—0.5 

=  —0  .27 

3 

0.9 

+0.9 

+0.1 

+2.0 

—0.6 

=  —0.17 

3 

1.0 

+1.4 

—0.6 

+1.9 

—0,7 

=  +0.14 

3 

1.0 

+1,9 

—1.2 

+1,6 

-0,8 

=  -0  .21 

3 

1.0 

+2.5 

—1.7 

+1.1 

—0.9 

=  —0  .14 

3 

1.0 

+3.1 

—2.0 

+0.4 

-0.9 

=  —0  .13 

3 

1.1 

+3.7 

-2.1  ■' 

—0.4 

—0.9 

=  +0  .36 

3 

1.1 

+4.4 

—1.8 

—1.2 

—0.8 

=  —0  .21 

3 
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Giving  these  nineteen  equations  equal  weights,  we  have  the  scconrl  of  the 
following  solutions,  and  the  second  of  the  series  of  residuals  the  first  corres- 
ponding to  the  primitive  solution.  Solving  them  again  and  assigning  the  weights 
attached  to  the  respective  equations,  which  I  judge  to  he  those  to  which  they 
are  entitled  when  a  liberal  allowance  is  made  for  systematic  errors  of  observa- 
tion and  of  comparison  of  theory  with  observations,  adding  also  the  equations 
given  by  the  observations  of  Flamstcad  and  Le  Monnier,  which  are  as  follows :  - 

1G90    0.05V— o.75'«'— 0.15*6  +o.Oe5V  +o.uy  =  — o".5 ; /, -^\■,^yt,  1 

1715       0.1      —1.1  0.0      —0.2         +0.1       =  —0  .5       ^\  1 

17G9      0.2      —1.2       —0.3      +0.2         +0.2       =+2.2         |  1 

we  have  the  second  solution,  and  the  third  scries  of  residuals. 


m 

(2) 

(3) 

h\ 

0 

— 0-.39 

—0.21 

*x 

0 

— 0.3S 

—0.19 

i'e 

0 

-0.33 

—0.15 

e^ 

0 

+0.25 

+019 

h'ft 

0 

-1.02 

—0.49 

m' 

T36TT 

Tuil, 

TglsTT 

rvERniU.A.LS. 

Year, 

aT 

""^T"" 

^''„ 

1G91.0 



10 

_; 

14. 

-12. 

171S.2 

— : 

10. 

_ 

9. 

—  7. 

1751.1 

+ 

3.7 

+ 

0.5 

+  2.0 

1769.0 

1.0 

— 

2.6 

—  1.9 

1783.3 

— 

0.18 

— 

0.30 

—  0.17 

1790.0 

+ 

0.62 

+ 

0.93 

+  0.89 

1795.0 

— 

0.55 

— 

0.09 

—  0.18 

1802.0 

_ 

1.25 

— 

0.78 

—  0.87 

1806.5 

— 

1.00 

— 

0.69 

—  0.73 

1810.5 

— 

0.37 

_ 

0.10 

—  0.05 

1814.5 

_ 

037 

— 

0.26 

-  0.28 

1819.5 

— 

0.37 

— 

0.34 

—  0.37 

1824.8 

+ 

1,50 

+ 

1.46 

+  1.41 

1829.1 

+ 

0.91 

+ 

0.90 

+  0.81 

1835.2 

0.27 

— 

0.43 

—  0.46 

1839.8 

_ 

0.17 

_ 

0.66 

—  0.48 

1844.8 

+ 

0.14 

— 

0.31 

-  0.18 

1849.9 

0.21 

_ 

0.70 

-  0.52 

1854.9 

— 

0.14 

_ 

0.54 

—  0.36 

1860.0 

— 

0.13 

— 

0.23 

-  0.14 

1865.0 

+ 

0.86 

+ 

0.70 

+  062 

1870.0 

0.21 

+ 

0,80 

+  0.44 
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It  will  be  seen  that  the  effect  of  these  changes  of  weights  is,  that  the  ohlcr 
observations  are  a  little  better,  and  the  later  a  little  worse  represented.    I  conceive 
'that  our  choice  must  lie  between  the  first  and  third  solutions,  the  first  being  the 
more  probable  if  we  conceive  the   outstanding  residuals  to  be  due  to  errors  of 
observation  only,  and  the  third  if  we  suppose  them  equally  due  to  errors  of  com- 
putation.    On  the  whole,  I  consider  the  mean  of  the  two  to  be  about  the  most 
probable,  and  this  will  give  the  mass  of  Neptune  very  near  the  round  number 
1 
19700 
which  will  be  adopted  as    the  definitive    value.       The   definitive  corrections  to 
Elements  III  (p.  99)  will  then  be 

,V  (1830)  —  3".56 

&■  (1850)         —12.45 
105«  —  4.44 

ie  —  4.13 

e-ht  —  0.25 

V  —  0.137 

Corrections  to  the  IncHnation  and  Node. 
These  corrections  have  been  derived  entirely  from  the  modern  observations,  the 
ancient  ones  being  too  uncertain  to  add  anything  to  the  weiglit  of  the  result.  The 
mode  in  which  the  correction  to  the  latitude  of  the  provisional  ephemeris  has  been 
concluded  from  the  observations  has  been  sufficiently  explained :  it  is  only  necessary 
to  add  that  the  immediate  results  from  the  data  of  the  preceding  chapter  require 
two  corrections,  namely : 

(1)  A  correction  to  the  theoretical  latitude  for  the  change  in  the  adopted  mass 
of  Neptune.  The  value  of  this  correction,  as  derived  from  the  data  of  Chapter  V, 
is  with  sufficient  approximation 

(2)  A  correction  to  the  observed  latitude  on  account  of  the  difference  between 
the  obliquity  of  the  ecliptic  adopted  in  the  various  epheraerides  compared,  and  that 
of  Hansen's  Tables  du  Sdleil,  which  having  been  adopted  in  the  theory  should  bo 
used  throughout. 

Applying  the  correction  (2)  —  (1)  to  all  the  observed  latitudes,  we  have  the 
following  corrections  to  the  latitude  of  the  provisional  ephemeris  derived  from  all 
the  observations  of  each  opposition  since  1781.  The  third  column  gives  the 
number  of  observations  in  declination.  These  numbers  may,  however,  in  some 
cases  be  inaccurate.  The  fourth  and  fifth  columns  give  the  sine  and  cosine  of  the 
argument  of  latitude,  to  be  used  in  forming  the  equations  of  condition. 
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Year. 

¥ 

No.  0  fobs. 

.in„ 

„., 

Year. 

¥ 

No.  of  obs. 

.in« 

1182.0 

—0.4 

21 

+0.31 

+0.95 

1830.7 

+0.2 

48 

—0.82 

—0,57 

1783.0 

—3.5 

13 

0.38 

0.92 

1831 

+1.0 

23 

0.87 

0.50 

1784.0 
1185.0 

—2.4 
—0,1 

13 
10 

0.45 
0.52 

0.89 
0.85 

1832 
1833 

+0.9 
+0.6 

20 
54 

—0.90 
0.93 

—0,44 
0,37 

1188.0 

—1.0 

+0.71 

+0,71 

1834 

+0.3 

92 

0.95 

0,31 

1789.0 
1790.0 
1791.0 

+0.9 
+1.9 

6 
7 

0.77 
0.81 
0.86 

0,64 
0.58 
0,51 

1835 
1836 
1837 

8 

+0.2 

+0.1 

0.0 

71 
135 
154 

—9.97 
0.98 
0.99 

—0,24 
0,17 
0,10 

IT92.0 

+1.8 

+0.90 

+  0.44 

1838 

8 

—0.2 

182 

—1.00 

— 0,03 

1793.0 

+2.9 

0.93 

0.37 

1839 

8 

—0.4 

143 

1.00 

+  0.03 

1794.0 

+0.5 

0.95 

0.30 

1840 

8 

—0.3 

106 

0.99 

0.10 

1795.0 

+0.7 

+0.9T 

+0.22 

1841 

8 

—0.7 

101 

—0.98 

+0.17 

1796.0 

+3.6 

0,99 

0.14 

1842 

8 

—0.7 

145 

0.97 

0.24 

1797.0 

+3.6 

3 

LOO 

+0.05 

1843 

8 

—0.9 

88 

0.95 

■0.31 

1800.3 

0.0 

2 

+0.98 

—0.21 

1844 

9 

—1.0 

87 

—0,93 

+0.37 
0.44 

1801.2 

+1.2 

2 

0.97 

0.26 

1845 

9 

—0.6 

55 

0,90 

1802.3 

+1.4 

13 

0.94 

0.34 

1846 

9 

—1,1 

92 

0,87 

0.50 

1805.3 

+1.1 

3 

+0.83 

—0.56 

1847 

9 

—1.1 

69 

—0.83 

+0.56 
0.62 

1806.3 

—1.4 

5, 

0.7§ 

0.63 

1848 

9 

~0.9 

56 

0.79 

1807.3 

+1.6 

16 

0.72 

0.69 

1849 

9 

—1.0 

36 

0.74 

0.67 

1808.3 

+1.8 

6 

+0.67 

—0.74 

1850 

9 

—0.7 

46 

—0.69 

+  0.72 
0.77 

1809.3 

+1.3 

9 

O.fiO 

0.80 

1851 

9 

—1.2 

35 

0.64 

1810.3 

+3.7 

16 

0.53 

0.85 

1852 

9 

—1.3 

49 

0,59 

0.81 

1811.3 

+3.4 

11 

+0.45 

—0.89 

1853 

9 

—1.8 

48 

—0,53 

+0.85 
0.88 

1812.4 

+3.6 

6 

0.38 

0.93 

1854 

9 

—1.0 

47 

0,47 

1813.4 

+2.4 

G 

0.29 

0.96 

1855 

9 

—1.3 

49 

0.41 

0.91 

1814.4 

+2.5 

13 

+0.22 

—0.98 

1856 

9 

— I.l 

41 

—0,34 

+0.94 
0.97 

1815.4 

+2.2 

10 

0.14 

0.99 

1858 

0 

—1.7 

65 

0.26 

1816.4 

+1.3 

18 

0.06 

1.00 

1859 

0 

—1.7 

56 

0.19 

0.98 

1817.5 

+2.4 

13 

—0.0 1 

—1,00 

1860 

0 

—1.9 

58 

—0,12 

+0.99 
1. 00 

1818.6 

+4.2 

23 

0.09 

1,00 

1861 

0 

—2.3 

41 

0.05 

1819.5 

+1.7 

7 

0.17 

0.99 

1862 

0 

—1.6 

52 

+  0.02 

1.00 

1820.5 

+1.0 

9 

—0.24 

— 0.9T 

1863 

0 

-1.7 

83 

+0.10 

+0.99 
0.99 

1821.5 

+1.3 

10 

0.31 

0.95 

1864 

0 

—2.3 

39 

0.18 

1822.5 

+1.8 

7- 

0.38 

0,92 

1865 

0 

—1.7 

37 

0.25 

0.97 

1823.5 

+0.G 

7 

—0.45 

—0.89 

1866 

0 

—0.9 

73 

+0.33 

+0.96 
0.92 

1824.5 

—0.2 

11 

0.51 

0.86 

1867 

0 

—0.6 

83 

0.40 

1835.5 

+1.5 

5 

0.57 

0.83 

1668 

—0.9 

32 

0.47 

0,88 

182fi.5 

+1.2 

7 

—0.63 

—0.78 

1869 

—0.8 

65 

+0,54 

+0,84 
0.80 

1827.G 

+2,0 

5 

0.68 

0.73 

1870 

—0.4 

32 

0,60 

1828.6 

—1.5 

7 

0.73 

0.68 

1871 

—0.7 

21 

+0,66 

0.75 

1829.7 

+0.9 

9 

—0.78 

—0.63 

1872 

—0.4 

47 

+0,73 

+0.69 

It  will  be  remembered  that  the  observed  declinations  have,  as  far  j 
been  reduced  to  Auwers'  standard.  We  have  no  positive  proof  that  this  standard 
is  correct.  If  it  be  affected  by  a  constant  error,  the  result  will  be  that  the  orbit 
of  the  planet  on  th.e  celestial  sphere,  as  deduced  from  observation,  instead  of  being 
a  great  circle,  as  we  know  the  real  orbit  to  be,  will  be  a  small  one,  and  the  com- 
parison of  a  uniform  series  of  observations  extending  through  an  entire  revolution 
of  the  planet,  after  making  the  best  correction  to  the  position  of  the  orbit,  will 
leave  a  constant  residujil.  Now,  we  can  best  determine  this  residual  by  including 
it  as  an  unknown  quantity  in  our  equations. 
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Ayain,  the  error  of  the  standard  is  not  necessarily  constant,  but  may  contain  a 
terra  proportional  to  the  time,  arising  from  erroneous  proper  motions  of  the 
standard  stars.  Therefore,  instead  of  supposing  the  residual  constant,  we  shall 
suppose  it  of  the  form  a  -}-  bt.  Each  observed  correction  to  the  theoretical  latitude 
will  then  give  the  equation, 

sin  uh<p  —  cos  uip^O  -\-a-{-  bT^=  S/?. 

To  facilitate  the  solution  of  these  equations  they  have  been  divided  into  groups, 
each  group  usually  comprehending  three  oppositions,  and  comVnned  into  a  single 
equation  multiplied  by  snch  a  factor  as  would  make  its  probable  error  half  a  second. 
The  factor  by  which  the  correction  of  the  latitude  is  multiplied  in  the  equation  is 
the  same  with  the  coefficient  of  a.  The  year  1840.0  is  taken  as  the  epoch  for  h. 
Thus  we  have  the  following: 


Equations  of  Latitude. 

Dates  of  oppositions. 

No.  of  op  p. 

Equation. 

1782.0-85.0 

4 

0.4St 

—0,9^.85 

+1.0« 

— O.fi^i  =—1.6 

1788. 0-91.0 

4 

0.8 

—0.6 

+1.0 

—0 

5?)  =  +1.1 

1792,0-94.0 

3 

0,5 

—0,2 

+0,5 

—0 

3    =  +0.9 

1795.0-97.1 

3 

0.3 

0,0 

+0.5 

—0 

2    =  +0.7 

1800.2-02.3 

3 

0.0 

+0.3 

+1.0 

—0 

4     =  +1.0 

1805.3-07.3 

3 

0.8 

+0.6 

+1.0 

—0 

3     =  +0.7 

1808.3-10.3 

3 

0.6 

+0.8 

+1.0 

—0 

3     =  +3.6 

1811.3-13.4 

3 

0.4 

+0.9 

+1,0 

—0 

3    =  +3.1 

1814.4-16.4 

3 

0.2 

+  1.5 

+1.5 

—0 

4    =  +3.0 

1817.4-19.5 

3 

—0.1 

+1.5 

+1.5 

—0 

3    =  +4.8 

1820.5-33.5 

3 

—0.5 

+  1.4 

+  1.5 

—0 

3     =  +3.0 

1833.5-35.5 

3 

—0.5 

+0.9 

+1.0 

—0 

3     =  +0.6 

1836.5-28.6 

3 

—0.7 

--0.7 

+1.0 

—0 

1     =  +0,6 

1829.6-31.7 

3 

—1.2 

--0.8 

+1.5 

—0 

1     =  +1,1 

1832.7-34.7 

3 

—2.8 

-1.1 

+3.0 

—0 

2    =  +1.8 

1835.7-37.8 

3 

—2.9 

+0.5 

+3.0 

—0 

1     =  +0.3 

1838.8-40.8 

3 

—3.0 

—0.1 

+3.0 

0 

0     =  —0.9 

1841.8-43.8 

3 

-2.9 

—0.7 

+3.0 

+0 

1     =  —2.3 

1844.8-46.8 

3 

—2,7 

—1.3 

+3.0 

+0 

2     =  —2.7 

1847.8-49.9 

3 

—2.4 

—1.9 

+3.0 

+0 

3    =—3.0 

1850.9-53.9 

3 

—1.9 

—2.3 

+3,0 

+0 

4    =  —3.2 

1853.9-55.9 

3 

—1.4 

—2,6 

+3.0 

+0 

i     =  —4.1 

1856.9-59.0 

3 

—0.8 

—3,9 

--3.0 

+0 

r,     =  _4.5 

1860,0-62.0 

3 

—0.2 

—3.0 

--3.0 

+0 

6    =—5.8 

1863.0-65.0 

3 

+0,5 

—3.0 

-'3.0 

+0 

7 5.6 

1866.0-68.0 

3 

+  1.3 

—2.8 

+  S.0 

+0 

8 2.4 

1869.1-70.0 

3 

+3-1 

—1.6 

+2.0 

+0 

6    = — 1.2 

1871.1-72.1 

3 

+  1.4 

—1.4 

+2.0 

+0.G    =—1.1               1 

Treating  these  equations  by  tlie  metliod  of  least  squares,  wo  find  the  normal 
equations 

63.608.;.+    eAb^Se—    52.10(.—    1.08J  =  +    28.33 

6.45S.f  +  69.69$M  —    53.60a  —  14.26S  =  + 111.02 

— 52.10S.f  —  .52.60.;>Se  +  133.500  +    8.95S  =  —    76.55 

—  l.mStp  —  14.250M  +      8.96a  +    4.195  =  —    23.69 
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The  solution  of  these  equations  gives 

d^^^  0".28  +  0".75  a  =  +  0".54 
4.3a  ^  +  1  -57  +  0  .686a  +  0  .2056  ^  +  r'.75 
a  =  4- 0.35 
6^—0.28 

These  values  of  a  and  h  indicate  that  at  the  epoch  184:0  Auwers'  equatorial 
declinations  are  too  great,  or  his  noith  polar  distances  are  too  small  by  0".35,  and 
that  this  error  is  diminishing  at  the  rate  of  0".28  per  century.  If  the  older  measures 
in  declination  had  been  comparable  in  precision  with  those  made  at  the  present 
time,  and  if  the  possible  periodic  error  in  the  reduced  right  ascensions  had  been 
carefully  eliminated,  I  should  regard  this  determination  as  entitled  to  considerable 
weight.  In  view  of  the  great  uncertainty  of  the  declinations  previous  to  1820,  it 
can  be  regarded  as  little  more  than  a  rough  attempt  at  a  determination.  For  this 
reason  the  first  two  normal  equations  have  been  solved,  leaving  a  and  6  indeter- 
minate, so  as  to  show  the  valves  of  5i^  and  ^hB  in  terms  of  these  quantities.  It 
will  be  seen  that  had  we  neglected  a  and  h  entirely,  the  value  of  S^  would  have 
been  smaller  by  0". 26,  and  that  of  ^56  smaller  by  0".18  than  those  actually  con- 
cluded. As  the  observations  with  the  Washington  Transit  Circle,  and  those  with 
the  Pulkowa  Vertical  Circle,  both  indicate  an  increase  of  Auwers'  polar  distances, 
I  shall  take  for  the  definitive  corrections  to  the  inclination  and  node  those  which 
follow  from  the  above  values  of  a  and  h,  or, 

5^,  ^  +  0".54 
^50  =  +  1  .75. 

The  following  table  shows  the  residuals  of  the  equations,  and  the  mean  out- 
standing corrections  to  the  latitude,  (1)  when  the  concluded  values  of  ^^  and  ^(iB 
a  and  b  are  all  used,  and  (2)  when  a  and  b  are  supposed  zero,  and  the  values  of 
^^  and  ^6d,  corresponding  to  this  supposition,  are  used: 


Year. 

Residuals. 

¥ 

(1) 

*^'„ 

<1) 

(3) 

1783 

—0.8 

—0.3 

—0.8 

—0.3 

1789 

+1.2 

+1.8 

+1.2 

+1.8 

1793 

+0.7 

+1.1 

+1.4 

+2.2 

1796 

+0.3 

+0.6 

+0.6 

+1.2 

1801 

—0.5 

+0.3 

—0.6 

+0.3 

1806 

—1.2 

—0.5 

—1.2 

—0.5 

1809 

+0.6 

+1.2 

+0,5 

+1.2 

1812- 

+0.9 

+1.6 

+0.9 

+1.6 

1815 

—0.3 

+0.6 

-0.2 

+0.4 

1818 

+1.6 

+25 

+1.1 

+1.7 

1821 

-0.7 

—0.1 

—0.5 

—0.1 

1824 

—1.3 

-0.7 

-1.3 

-0.7 

1827 

—0.6 

—0.3 

—0.6 

-0.3 
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(I) 


Ye.r. 

Rcsidi 

lale. 

(1) 

(2)^ 

1830 

—0.2 

+0.2 

1833 

+0.3 

+0.9 

1836 

0.0 

+0.3 

1839 

~0.1 

+0.1 

1842 

—0.5 

-0.4 

1845 

+0.1 

0.0 

1848 

+0.6 

+0.7 

1861 

+0.9 

+0.9 

1854 

+0.3 

+0.3 

1858 

+0.1 

+0.3 

1861 

—1.4 

—1.0 

1864 

—1.3 

-1.0 

1861 

+  1.1 

+1.7 

1869 

+0.5 

+1.0 

—0.1 

+0.1 

+0.10 

+0.30 

0.00 

+0.10 

—0.03 

+0.03 

—0.11 

—0.13 

+0.03 

0.00 

+0.20 

+0.23 

+0.30 

+0.30 

+0.10 

+0.10 

+0.03 

+0.10 

—0.47 

—0.33 

—0.50 

—0.33 

+0.37 

+0.67 

+0.17 

+0.33 

1871  0.0  +0.7  0.00  +0.23 

The  sum  of  the  squares  of  the  residuals  is  in  the  first  case  17".94,  and  in  the 
second  25".41,  so  that  the  introduction  of  a  and  b  makes  a  decided  improvement  in 
the  representation  of  the  observations. 

I  have  not  attempted  a  rigorous  investigation  of  the  probahle  error  of  any  o£ 
these  results  for  the  reason  that  the  values  of  the  probable  error  deducible  by  the 
method  of  least  squares  would,  in  a  case  like  the  present,  be  entirely  imtrustworthy. 
It  is,  however,  very  desirable  that  we  should  bo  able  to  form  some  judgment  of  the 
uncertainty  of  the  mass  of  Neptune.  From  the  last  system  of  equations  of  condi- 
tion the  value  of  ft  comes  out  with  the  weight  3.13,  or  nearly  that  assigned  to  the 
mean  result  of  each  five  years  of  modern  observations.  Regarding  these  results  as 
independent,  their  mean  error  would  he  about  0".5,  so  that  the  probable  error  of  fi> 
would  be  0.5,  and  that  of  fi  would  be  .005,  or  about  ^f^  the  entire  mass  of 
Neptune.  A  probable  error  derived  from  the  original  equations  would  have 
been  much  smaller,  and  when,  in  the  last  equations,  we  allow  for  the  systematic 
character  of  the  residuals,  it  will  be  larger.  If  we  suppose  the  theory  to  be  perfect, 
I  conceive  we  may  fairly  estimate  the  probable  error  of  the  mass  of  Neptune  to  be 
_|.^  of  its  entire  amount,  and  its  possible  error  two  or  three  times  greater.  If  there 
is  any  error  or  imperfection  in  the  theory,  the  error  may  be  much  larger. 


23      May,  1B73 
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CHAPTER     VIII. 

COMPLETION  AND  ARRANGEMENT  OF  THE  THEORY  TO  FIT  IT  FOR 
PERMANENT  USE. 

In  the  preceding  discussions  the  terms  of  the  second  order  due  to  the  action  of 
Neptune  have  been  neglected,  the  elements  of  Uranus  and  Neptune  being  so  chosen 
that  these  terms  can  scarcely  become  sensible  within  a  century  of  the  epoch.  But 
this  very  choice  will  make  them  larger  in  the  course  of  centuries  than  if  mean 
elements  had  been  chosen.  They  will  be  most  sensible  in  the  case  of  the  great 
inequality  of  4300  years  between  Uranus  and  Neptune,  an  inequality  which  will 
make  centuries  of  observation  necessary  to  an  accurate  determination  of  the  mean 
elements  of  the  two  orbits.  The  uncertainty  arising  from  the  great  inequality  is 
probably  of  the  same  order  of  m.agnitude  with  the  omitted  terms  of  the  second 
order,  and,  such  being  the  case,  the  theory  would  really  be  made  but  little  more 
accurate  by  the  addition  of  those  terms.  I  conceive,  however,  that  the  theory  will 
be  made  much  more  satisfactory  by  the  computation  of  at  least  the  largest  of  the 
terms  in  question,  if  only  to  arrive  at  a  certain  determination  of  their  order  of 
magnitude,  and  of  their  effect  on  the  planet  during  the  period  in  which  it  lias  been 
observed. 

The  term  in  question,  being  of  very  long  period,  may  be  most  advantageously 
treated  by  the  method  of  variation  of  elements,  more  especially  as  it  has  in  the 
theory  been  already  treated  as  such  a  perturbation.  The  largest  of  the  pertur- 
bations in  question  are  those  of  the  mean  longitude  which  are  multiplied  by  the 
square  of  the  integrating  factor  v,  which  is  nearly  51,  but  which  also  contain  the 
eccentricities  as  factors,  and  those  of  the  eccentricity  and  perihelion  which  are 
independent  of  the  eccentricities,  but  are  multiplied  by  only  the  first  power  of  v. 
These  terms  will  probably  comprise  nearly  or  quite  nine-tenths  of  those  arising 
from  the  term  of  long  period. 

Let  us  begin  with  the  perturbations  of  mean  longitude.     These  are  given  by  the 

integration  of  the  equation 

(PI 

__  ::ri  —  3m'a)t^  Je/i;i  sin  (2?' — I — ti)  -{-  e%  sin  (2? — I — Ji')} 

hi  and  k^  being  functions  of  the  ratio  ©f  the  mean  distances,  or  a.  If  we  integrate 
this  equation,  supposing  all  the  quantities  in  the  second  member  except  f  and  I  to 
be  constant,  and  these  two  to  be  of  the  form  nt  -{-  s,  n  and  e  being  constants,  we 
shall  reproduce  the  principal  term  of  long  period  already  found.  But  in  the 
second  approximation  we  must  suppose  all  the  elements  variable.  It  is  not,  how- 
ever, necessary  to  take  into  account  the  variations  of  a,  n,  and  k,  because  these  are 
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of  a  lower  order  of  magnitude.  The  perturbations  to  be  added  will  be  those  of 
I,  i,  e,  e,  It,  and  Tif. 

The  point  from  which  the  longitudes  are  comited  being  arbitrary,  we  shall  take 
the  position  of  the  perihelion  of  Uranus  for  1850.0  as  the  origin,  and  put,  as  before, 
g  for  the  mean  longitude  of  Uranus  counted  from  this  point,  and  let  I'  represent 
the  mean  longitude  of  Neptune  counted  from  the  same  point.     The  terms  of 

-Tfi  within  the  brackets  will  thus  become 

e/^i  sin  (2? — g — lix)  -\-  dh^  sin  (2^' — g — (th' — 7i)) 

or,  if  we  put 

%X—g  =  2^ 

e'  sin  (ti^ —  n)  ^=  ?i' 

e'cos(7i' — 7i)  =  h' 

and  notice,  that  to  terms  of  the  first  order  we  have,  sin  (W  ^  ^7t,  cos  ^7t  =  1,  we 
shall  have 

-  ,--j  =  —  Sm'aii^  \  {eki  -j-  k'l-^)  sin  M  —  {eh^^Ti  -)-  h'k^)  cos  X\ 

differentiating  the  quantities,  of  which  the  perturbations  are  to  be  considered  with 
respect  to  the  sign  6,  we  find  for  the  terms  of  the  second  order. 

(PI 
5  -^-,-  =  —  3m'a»^  J  (Z;,&  -j-  Z-^^//+  /i'^'aaiV")  sin  JV 

+(  (e^i  4-  k'k^)  m—  ekjhn  —  hih'Xcos  N\ . 

We  have  now  to  substitute  in  this  expression  the  numerical  values  of  the  quanti- 
ties within  parentheses.  Those  of  the  perturbations  of  Uranus  have  already  been 
given  in  Chapter  III,  but  it  is  necessary  to  diminish  them  by  the  factor  0.145*  for 
the  altered  mass  of  Neptune.  Those  of  Neptune  are  taken  from  my  investigation 
of  the  orbit  of  that  planet  (p.  38).  The  mass  of  Uranus  there  adopted  is  ^xt^jti^, 
while  the  investigation  of  Dr.  Von  Asten,"f"  from  the  observations  of  Sttuve  and 
others,  shows  it  to  he  -j^^iyiy.  Tlie  perturbations  are  therefore  diminished  by  ^^, 
In  accordance  with  the  system  adopted  throughout  both  investigations,  constants 
are  added  to  all  the  perturbations  to  make  them  vanish  at  the  epoch  1850.(t.     A 

term  is  also  added  to  make —  also  vanish  at  the  epoch;  this  cori'esponds  to  the 
dt 

constant  which  ought  to  be  added  to  la.     The  numerical  values  thus  obtained,  are  : 

*  This  factor  was  adopted  before  the  mass  of  Neptune  to  be  employed  had  been  finally  decided 
upon.     Hence  the  difference  between  it  and  that  in  the  preceding  chapter, 
f  M^moires  de  TAcad^mie  de  St.  P^tcrsbourg,  tome  xviii,  vii  s^rie. 
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JJV=  +   7260"  sin  N  —  6658"  +  4".26i 
cSn  =  —     414  sini?+    380 
Se  =  —     414  cosJV—    166 
Hi'=  +     120  sinJf—    110 
if  =  +     120  cosi\'+      48 

i,  =  -  1.234 

I;  =  +  0.452 

h'  =  +  0.00695 

K  =  —  0.00486 

Substituting  these  values  in  the  expression  for  8-j^-  and  integrating  twice,  we 

iind,  putting  b  for  the  coefficient  of  the  time  in  N,  of  which  the  value,  taking  the 
century  as  the  unit,  is  -|-0.1472,  and  putting  Tfor  the  time  in  centuries, 

Si=  I  m'a„'  i(411'  +  -j-"'*+3-.6r)sin  .V  +  (183T'  +^j;? -51.-4?)  cos  i^ 


-  109".3  sin  2*  —  6".5  cos  27^ 


—  W.6  mauH'^  +  cT -]-  c\ 
c  and  c'  being  the  arbitrary  constants  of  integration,  which  are  to  be  chosen  so  that 
both  hi  and  its  first  differential  coefficient  shall  vanish  at  the  epoch.     Reducing  to 
numbers,  we  find 

hi  =^  (140". 70  +  0".32r)  sin  N 
+  (932.60— 6. 37  7")  cos  iV 

—  13  .60  sin  2iV 

—  0  .70  cos  2W 

—  o.oar^ 

+      34  .27  T 

—  46 .76, 
the  last  two  terms  being  arbitrary. 

When  we  carry  the  perturbations  of  the  eccentricity  and  perihelion  to  quantities 
of  the  second  order,  we  are  troubled  by  the  introduction  of  large  terms  depending 
on  the  square  of  the  disturbing  force,  which  disappear  from  the  rigorous  expres- 
sions for  the  co-ordinates.  These  may  be  avoided  by  substituting  for  the  eccen- 
tricity and  perihelion  the  quantities  h  and  k  determined  by  the  condition 
^  ^  e  sin  71 
k  =^e  cos  71 

If,  as  before,  we  count  the  longitudes  from  the  perihelion  of  Uranus  at  the  epoch 
1850,  we  should  substitute  hn  for  7t  in  these  expressions.  The  values  of  /*  and  k 
will  then  be  given  by  the  integration  of  the  equations 

-—  =z      m'ank,  cos  N 
at 

dh  ,     1     ■     nr 

-rr^^  —  J"  awA:,  sm  JV- 
dt 
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Differentiating  with  respect  to  ?,  we  find  for  the  terms  of  the  second  order 

5 —  :=  —  m'anh  sin  N^  N" 
(Jt 

h^r-  =  —  m'an?,;  cos  JV5  N. 
at 

Substituting  for  ^iVits  numerical  value  just  given  and  integrating,  we  find 

a  =  m-avh,  \  —2895"  sin  N~  (6G58"  —  4".2G0  cos  N-\-  1815"  sin  2N\ 

—  3630"m'a^'iJii      -|-  constant ; 

Ik  ^  m'avl.\  \  —2895" cos  N+  (6658"^  4".260  sin  N'-\-  1815"  cos  2N'l 

-\-  constant; 

the  constants  being  so  chosen  that  ^h  and  ^k  shall  vanish  at  the  epoch, 
Ecducing  the  values  of  M  and  Hk  to  numbers,  they  become 
a  =  5".82  sin  N~\-  (13".40  —  0".86  T)  cos  N'—  3".65  sin  2N'-\-  V.OST—    2".67, 
})7c  =  5  .82  cos  iV—  (13  .40  —  0  .86 7")  sin  iV—  3  .65  cos  2iV  +  13  .12, 

the  last  two  terms  being  arbitrary  constants. 

Computing  the  values  of  these  terms  of  hi,  lit,  and  hk,  for  intervals  of  50  years, 

from  1600  to  2000,  we  find  them  to  be  as  follows: 


Year 

il 

» 

ih 

1600 

— r'.34 

+0".10 

— 0".02 

1660 

—0.71 

+0.05 

—0.02 

noo 

—0.31 

+0.02 

—0.01 

1160 

—0.10 

0.00 

—0.01 

1800 

—0.01 

0.00 

0.00 

1850 

0.00 

0.00 

0.00 

1900 

0.00 

0.00 

0.00 

1950 

+0.04 

0.00 

—0.01 

3000 

+0.18 

—0.01 

—0.02 

We  see  that  although  the  ultimate  effect  of  these  terms  is  very  considerable, 
their  effect,  during  the  period  that  Uranus  has  been  observed,  is  insignificant, 

Conclvded  Elements  and  Perturbations  of  Uranus. 
The  corrections  found  in  the  last  chapter  being  applied  to  the  final  provisional 
elements    (p.    99)    give  the  following  elements  for  1850,  affected  by  the  great 
inequality  produced  by  Neptune: 

Elements  IV  (if  Uranus. 
Epoch,  1850,  Jan.  0,  Greenwich  mean  noon, 
7t,  168°    15'      6".7 

(,  28     25     17.05 

e,  73     14      8.0 

4),  0    46     20.54 


*> 


.0469336 
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e  (in  sec),  9678".69 
»,  15425.762 

logo,  1.2829012 

log  a„  1.2831044 

Log  «!  includes,  as  before,  the  constant  term  in  the  perturbations  of  the  logarithm 
of  the  radius  vector  which,  with  the  corrected  mass  of  Neptune,  is  -}-. 0001972. 

To  find  the  corresponding  elements  at  any  other  epoch,  the  following  secular 
and  long-period  perturbations  are  to  be  applied.  Those  produced  by  Neptune  are 
derived  from  the  expressions  in  Chapter  III  by  correcting  them  for  the  new  mass 
of  Neptune,  and  for  the  change  in  the  value  of  the  small  divisor  2tt' — n  produced 
by  the  correction  of  the  elements  of  Uranns.  The  logarithms  of  the  factors  for 
correction  are, 

Correction  of  mass  of  Neptune  9.93598 

Correction  of  divisor  0.00051 

Log.  factor  for  U  9.93496 

Log.  factor  for  U,  in,  8»  9.93547 

Including  the  perturbations  of  the  second  order  just  found,  we  have,  by  putting 
lf='il'—(j, 

=  113°  30'  46-.0  +  8°  26'  51".9  7', 
U  =  (— 2850"'.41  +  0".32r)  siniV+  (38r.67  —  6".37r)  cos  ff" 
+  112  .72  sin  'IN  —      47.28  cos  IN 

—  7.72sin3iV  +  4.33  cos  3.V 
+  0 .56  sin  iN  —  0.46  cos  4^^ 
_      0.037'— 83".787'-|-28n".41. 

ill  =  —  412'.18  sin   N+  (14".03  —  0''.86r)  cos  N 
+    29.20sin2Ar—    6  .09  cos  22f 

—  3.11  sin  3Ar+  1.19  cos  SiV 
+  0.28  sin  4Jir—  0.13  cos  4iV 
+    14.761'         +398.33 

Si!  =  —  4ir'.53  cos    iV— (13".65  — 0".86r)Bin  W 
+    29.33cos2y+     6.17  8in2iV 

—  3  .12  cos  3iV—  1  .21  sin  iN 
+      0  .29  cos  4iV+     0  .13  sin  iN 

—  6. 4532"        —124.72 
S»  (in  units  of  the  7th  place  of  decimals). 

=  1963  cos    JV+I03sin    N 

—    171cos2Ar_    67sin2W 

+      16cos3iV+      GsinSA' 

+  511.0. 

The  perturbations  of  eSji  and  h  are  here  replaced  by  those  of  ft  and  jfc,  defined 

by  the  equations 

7).  =  e  sin  (tt  —  ttJ 
k  ^  e  cos  (7t  —  TTo) 
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Tto  representing  the  perihelion  of  1850  =  168°  15'  6".7.     We  then  have  for  the 
eccentricity  and  longitude  of  perihelion  at  any  epoch 

e  sin  (n  —  tTo)  =  ^7i 

e  cos  (7t  —  Tto)  ^  e„  -j-  hk. 
In  the  above  terms  multiplied  by  the  time  we  have  included  the  secular  varia- 
tions produced  by  Jupiter  and  Saturn.     If  the  perturbations  of  the  elements  due 
to  each  particular  planet  are  required,  we  have 

Action  of  Jupiter, 

M  =  +  5" JUT;  hk  =  —  O'^GOSr. 

Action  of  Saturn, 

a  ^  +  5".56r;  bk  =  —  4.589  7'. 
Subtracting  these  from  the  above  expressions  all  the  remaining  terras  will  be  due 
to  the  action  of  Neptune.     The  values  of  ^Z  and  (5»  are  due  entirely  to  the  action 
of  Neptune. 

For  the  sake  of  rigor,  we  may  suppose  the  perturbations  produced  by  each 
planet  to  be  multiplied  by  a  factor  representing  the  number  by  which  the  adopted 
mass  of  the  planet  must  be  multiplied  to  obtain  the  true  mass. 

It  will  add  to  the  homogeneousness  of  the  theory  to  express  the  perturbations 
of  long  period,  which  are  multiplied  by  the  prodiict  of  the  masses  of  Jupiter  and 
Saturn,  as  perturbations  of  the  elements.     These  terms,  as  found  on  page  88,  are 
{v.cO)^—    0".55sinW9—    0".03cosA^o 
+  40  .65  sin  N,  —  10  .50  cos  N, 
(«.«,1)^4-    2.64sinffg4-    4.64cosi\^g 
+    7.35sini\^T-i-    4.41cosiVr 
(«.c,l)  =  —    4. 33  sin  A^,—    3  .87  cos  i^, 
+    8. 06  sin  A^,—    8  .38  cos  A, 
These  terms,  together  with  the  arbitrary  corrections  of  the  elements  which  have 
been  applied  to  make  them  very  small  at  the  epoch,  may  be  replaced  by  the  follow- 
ing corrections  to  the  elements: 

U  =  —    0".55  sin  N,  —    0".03  cos  N^ 

+  40  .65  sin  A,  —  10  .50  cos  N^ 

4-2T'.27  — ll".72r. 

hh  ^+    2  .09  sin  A^  +    1  .94  cos  N^ 

—    2.13sinA,-i-    3  .71  cos  A", 

+  r.28. 

a^+  1. 32  sin  A,  +    2.33  cos  A^ 
4-  3  .68  sin  A,  +    2  .21  cos  A^ 
S»  =      37  sin  Aj  +  104  cos  Aj  +  76  (in  units  of  the  7th  decimal). 
The  amount  of  the  perturbations  of  the  elements  for  every  half  century,  from 
the  year  lOOO  to  2200,  is  given  in  the  following  table.     Column  (1)  gives  the  per- 
turbations   by  Neptune,  Saturn,    and   Jupiter,  computed    from    the    expressions 
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on  page  182;  column  (2)  those  just  given  depending  on  the  product  of  the  masses 
of  Jupiter  and  Saturn. 


Year. 

hi 

a 

hk 

5» 

Sx 

^>7 

(■),, 

(2) 

(% 

(2) 

(1), 

(2) 

(1) 

(2) 

1000 

+2050.31 

+160.69 

+  42.66 

+1.94 

—389.51 

+6.08 

+1955 

—140 

—3.00 

+1.20 

1050 

1841.17 

149.08 

27.79 

3.60 

375.65 

6.68 

1882 

156 

3.10 

1.37 

1100 

1638.76 

136.39 

14.03 

4.99 

360.31 

6.82 

1802 

169 

3.13 

1..54 

1150 

1444.87 

132.87 

+     1.45 

6.01 

343.49 

6.47  ;     1717 

178 

2.08 

1.G6 

1200 

12{i0.24 

108.85 

—     9.90 

6.60 

325.27 

5.64 

1626 

183 

2.02 

1.77 

1250 

+1085.76 

+  94.67 

—  19.84 

+6.75 

-305.69 

+4.43 

+1529 

+183 

—1.94 

+1.86 

1300 

931.76 

80.67 

28.34 

6.49 

284.90 

2.86 

1426 

180 

1.84 

1.91 

1350 

769.32 

C7.12 

35.27 

5.90 

252.90 

+1.16 

1318 

173 

1.70 

1.93 

1400 

629.00 

54.35 

40.66 

5.08 

339.78 

—0.57 

1305 

161 

1.54 

1.91 

U50 

501.39 

42.62 

44.11 

4.16 

215.68 

2.17  1     1086 

147 

1.37 

1.85 

1500 

+  387.18 

+  32.11 

—  45.83 

+3.24 

—190.66 

-3.52  1+  963 

+129 

— 1.J9 

+1.74 

1550 

286.65 

22.78 

45.63 

3.42 

164.84 

4.53 

836 

110 

0.99 

1.60 

1600 

200.65 

15.38 

43.46 

1.80 

138.31 

5.12 

704 

90 

0.80 

1.42 

1650 

129.43 

9.34 

39.20 

1.41 

111.22 

5.30 

568 

68 

0.61 

1.20 

1700 

.73.46 

4.86 

32.79 

1.23 

83.70 

5.09 

430 

48 

0.44 

0.95 

1150 

+     33.06 

+     1.90 

—  24.16 

+1.23 

—  55.90 

—4.56 

+  288 

+  29 

—0.27 

+0.66 

1800 

8.51 

0.33 

—  13.26 

1.36 

—  27.93 

3.81 

+  145 

+  11 

—0,12 

+0.34 

1850 

0.00 

0.00 

0.00 

1.52 

0.00 

3.96 

0 

—    5 

0.00 

0.00 

1900 

7.64 

0.71 

+  15.65 

1.63 

+  27.74 

2.10 

—  145 

18 

+0.10 

-0-36 

1950 

31.47 

2.23 

33.70 

1.59 

55.09 

1,34 

390 

26 

0.16 

0.73 

2000 

+     71.43 

+     4.25 

+  54.20 

+1.34 

+  81.81 

—0.73 

—  433 

—  32 

+0.30 

—1.10 

2050 

127.33 

6.52 

77.12 

0.85 

107.77 

0.34 

574 

30 

0.20 

1.47 

2100 

198.86 

8.75 

102.46 

+0.13 

132.67 

0.14 

711 

37 

0.17 

1.83 

2150 

285.72 

10.59 

130.15 

—0.77 

156.33 

0.11 

843 

20 

0.11 

3.17 

2200 

387.11 

+  11.77 

+160.15 

—1.70 

+178.48 

—0.19 

968 

—     9 

+0.02 

—3.48 

Meaji  Elements  of  Uranus. 

If,  instead  of  the  elements  of  Uranus  affected  by  the  great  inequality,  we  wish 
the  absolute  mean  elements,  these  are  to  be  obtained  by  adding  to  the  elements 
already  given  the  constants  applied  to  the  perturbations  U,  hh,  5^,  and  S-a  to  make 
the  perturbations  vanish  at  the  epoch  1850.0,  and  also  the  corrections  (p.  113) 
which  we  have  subtracted  from  the  elements  and  added  to  the  perturbations  to 
reduce  the  latter  to  a  small  quantity  during  the  period  for  which  the  tables  are 
likely  to  be  used.     We  thus  find  the  following  mean  elements: 

Elements  V  of  Uranns.     Epoch,  1850,  Jan.  0,  Greenwich  mean  noon. 


Longitude  of  the  perihelion 
Mean  longitude  at  epoch, 
Longitude  of  the  node, 
Inclination  of  the  orbit, 
Eccentricity, 
Eccentricity  in  seconds, 
Mean  motion, 

I>og  mean  distance  (uncorrected), 
The  same  corrected, 

True  mass  of  Neptune, 


170°  38'  48''.7    +8698". 
29     12   43.73  +  2811.4^ 
73     14    37.6    +      29.6fi 
0    46    20.92+        i).S8[i 
.0463592  —  5236j« 
9562".27— 108".0/( 
15424.797  —  0".838^(i 
1.2829251  +  179^  ' 
1.2831223 +  179;( 

19700 
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Supposing  the  mass  of  Neptune  to  be  uncertain  by  one-fiftieth  of  its  entire 
amount,  which  is  quite  possible,  it  will  be  seen  the  longitude  of  the  mean  peri- 
helion is  from  this  cause  uncertain  by  more  than  two  minutes,  the  mean  longitude 
of  Uranus  itself  by  nearly  a  minute,  and  the  mean  motion  by  nearly  two  seconds 
in  a  century. 

It  will  be  seen  that  the  logarithm  of  the  mean  distance  just  given  does  not 
accurately  correspond  to  that  of  elements  IV  plus  the  constant  term  of  hv  x  0.4343, 
as  it  should.  This  difference  arises  from  the  rejection  of  the  terms  of  the  second 
order  in  5»,  which  can  not  affect  the  geocentric  longitude  of  the  planet  by  a  tenth 
of  a  second  for  a  number  of  centuries. 

It  is  to  be  remarked  that  these  mean  elements  are  those  to  be  used  in  the 
general  theory  of  the  secular  variation  of  the  planetary  orbits. 

Concluded  Theory  of  Uranus. 
The  elliptic  longitude  and  radius  vector  of  Uranus,  affected  by  the  secular  and 
long  period  perturbations  of  the  elements,  will  be  given  by  the  following  equations. 
Put 

I  =  n,t  +  f„ 

J?  =  ^         ■ —  ''^Ul 

the  zeros  indicating  elements  IV,  and  Ui,  hi;  and  hi  being  the  perturbations  of 
these  throe  elements  just  given.     Then 
Elliptic  longitude  in  orbit  ^^  / 

+  |2  — ^e^+^^e'  I  I  A' sin  r;  —  7(  cos  </  | 
+  {l~li''  }   {('^^-^'')«i"3j-27</.cos2^  I 

+  {  ll  ~  64  ''  I   {  '^''  "  ^''^'^  ''"  ^^  ~  ^^^'^'  ^  ^'"^  '"'  ^^  } 
+      -^^  I  (i'  —  GhVi"  +  /*')  sin  ij  ~  {ikVt  —  Uh')  cos  4/  I 

Ncpcrian  logarithm  of  r  =:»-(-  ^^  -j-  ^'^e^ 

?;  cos  g-\-h  sin  g  \ 

I  (/>:'  —  h')  cos  2^  +  2U  sin  2g  I 


-\l-le-  \  V^^ 


f3       11   , 

li-24'' 


24      May,  1 
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—  ol  {  i^'''  —  ^''^^')  ^°^  ^3  +  (^^'^'^  —  '*')  «^"  ^9  \ 

—  "1^  I  (i*  —  647**  +  7i')  cos  4i/  +  {i/c'h  —  ^W)  sill  ^g  \ 

In  computing  these  expressions  it  will  be  sufficient  for  several  centuries  before 
or  after  1850  to  develop  A,  hk,  and  II  to  their  first  dimensions;  it  will,  however,  be 
more  convenient  to  correct  the  mean  anomaly  g  for  the  perturbation  hi  before  obtain- 
ing the  equation  of  the  centre.  Developing  the  perturbations  of  h.  and  k  to  terms 
of  the  first  order,  we  have  for  the  effects  of  the  perturbations  of  those  elements: 

(....1)=      (2-|.')» 


(»., 

1.2)  = 

-»..)^. 

(v., 

i2)  = 

-^i^)^^ 

{I... 

,.3)  = 

13  , 

^5i 

(r.c.S)  = 

13  . 

'ih 

(v.sA)  = 

103 

;'m 

(!,-.. 

:A)  = 

103 
2i' 

;'  Ui 

(p., 

!.0)  = 

J»  +  -26,^4 

(f-' 

,.!)  = 

-(1- 

3  An 

Cp.< 

!.!)  = 

-(1- 

--g«.')a 

(p.. 

..2)  =  - 

-|«.M 

(p.< 

;.2)  =  - 

3    I, 

—  2«»«* 

(p., 

,.3)  = 

17  , 

^6S 

(p.< 

•■3)=' 

17  > 

j/j 

These  coefficients  for  p  must,  of  course,  be  multiplied  by  the  modulus  0.434294 
to  reduce  the  perturbations  to  those  of  the  common  logarithm  of  the  radius  vector. 
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Among  the  elliptic  terms  may  be  included  the  effect  of  the  following  minute 
constants  introduced  by  the  perturbations. 

(v.s.2)=~0".U4: 

(w.c.2)  =  + 0.130 
0.4343  (p.c.O)  =  +  19'J2  in  units  of  the  7th  place 
0.4343  (p.s.l)  =  -j-  63  of  decimals. 

0.4343  (p.c.l)^-f- 73 
0.4343  {p.5.2)  =  +  5 
0.4343  (p.c.2)  ^ -f  4 

This  terra  (p.c.O)  is  that  added  as  a  correction  to  the-  logarithm  of  the  mean 
distance. 

To  the  coefficients  (v.s.l),  (k.c.I),  etc.,  are  still  to  be  added  the  following  periodic 
terms: — 

1.  The  periodic  terms  due  to  the  action  of  Jupiter,  given  in  Chapter  V,  omitting 
the  terms  multiplied  by  T,  which  are  included  in  the  perturbations  of  the 
elements. 

2.  The  periodic  terms  produced  by  Saturn,  including  those  terms  multiplied 
both  by  T  and  by  sin  A^  or  cos  A^,  but  omitting  those  multiplied  by  T  only  for 
the  same  reason  as  in  the  case  of  Jupiter. 

3.  The  periodic  terms  produced  by  Neptune,  multiplied  by  the  factor  0,86294 
on  account  of  the  correction  to  the  mass  of  that  planet,  and  omitting  the  terms 
multiplied  by  S?,  ^e,  and  e^g. 

4.  The  periodic  terms  multiplied  by  the  product  of  the  masses  of  Jupiter  and 
Saturn,  given  on  page  88,  omitting  the  terras  multiplied  by  the  sine  and  cosine  of 
Na  and  Ni,  because  they  are  replaced  by  the  terms  of  fil,  Bh,  and  ?>k,  given  on  page 
183,  and  tabulated  in  the  columns  headed  (2)  on  page  184.  The  result  will  be 
the  same  whether  we  employ  the  terms  of  (w.c.O),  (v.s.I),  etc.,  given  at  the  bottom 
of  page  88  and  the  top  of  page  89,  omitting  the  numbers  in  the  columns  2  on 
page  184  from  the  expressions  on  page  186,  or  whether  we  include  the  latter  and 
omit  the  former. 

The  true  anomaly  of  Uranus  vi'ill  then  be : 

?o  +  ^^  +  (equation  of  centre  from  elements  IV,  using  for  mean  anomaly  g^  +  ^0 

-{-  2  (v.s.i)  sin  ig  -{-^  (v.c.i)  cos  ig. 

The  logarithm  of  the  radius  vector  will  be; 

log  r  in  eUiptic  orbit  from  elements  IV. 
-{-  £  (p.s.O  sin  ig  -\-X  (p.c.i)  cos  ig 

care  being  taken  to  multiply  the  coefficients  by  the  modulus  where  that  has  not 
already  been  done.     All  the  terms  in  Chapter  V  are  so  multiplied. 

To  pass  from  the  true  anomaly  to  the  true  longitude  we  must  investigate  the 
secular  motion  of  the  planes  of  the  orbit  and  of  the  ecliptic.  The  effect  of  this 
motion  on  ^,  0,  and  t  will  be  found  by  successive  approximations  from  the  formula; 
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(34),  correcting  the  data  for  the  new  mass  of  Neptune.     We  shall  also  use  the 
same  motion  of  the  ecliptic  adopted  on  p.  95.     We  have  thus; 

*=_4'.53 
dl 

!fe'=  +  6.43  +  0".387'. 

ilt 

''9' =  —  46  .78 +  0.127; 

As  a  first  approximation  we  have 

0=^  =  73°  14'    8"      —nm".2T 

$         =   0    46   20.54+        2.483" 
Substituting  these  values  in  (34)  and  integrating  wo  find 
,},=$,+        2".472'+0".13J" 

e  =  e.  —  3168 .42r+  3 .00  r' 

T  =  T,  —  3168  .767'+  3  .007" 

For  tabulating  we  shall  use,  instead  of  0  and  t,  the  distanoe  of  the  perihelion 
from  the  ascending  node,  or  jt  —  T,  and  the  value  of  0  corrected  for  Struve's  pre- 
cession. Since  the  mean  motion  has  been  derived  without  making  any  distinction 
between  t  and  0,  it  will  he  necessary  to  correct  the  motion  of  mean  anomaly  by 
the  difference  of  those  quantities.  We  thus  obtain  for  the  values  of  the  three 
principal  arguments:  — 

Sr=220°  10'  10'.36  +  1642574'.867'+H 
.u=    95      0   58.70+       3168.767"— 3.007" 
9=    73    14     8.00+        1856 .827"+ 4.123" 

If  we  represent  all  the  ine<Lualities  of  the  true  longitude  by  AZ,  so  that  we  shall 
have  for  the  true  anomaly 

/=^  +  a;, 

the  argument  of  latitude  will  be 

The  reduction  to  the  ecliptic  will  then  he 

j;  =  —  (Q'.ST  +  0".016r)  sin  2m, 
the  true  longitude  on  the  ecliptic  referred  to  the  mean  equinox  of  date, 

;l  =  t(  +  ^  +  i?, 
and  the  sine  of  the  elliptic  latitude, 

sin  /?o  ::=  sin  ^^  sin  u. 
The  perturbations  of  the  latitude  will  be 

(J.c.O)  -|-  (h.c.V)  cos  g  ^-  {h.s.V)  sin  g  -|-  etc. 
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The  periodic  terms  of  (h.c.O),  {l.sA),  (b.c.l),  etc.,  are  given  in  Chapter  V,  on 
pages  86  and  8T,  and  arc  to  be  taken  without  any  further  modification  than  the 
multiplication  of  those  due  to  the  action  of  Neptune  by  the  factor  0.863.  The 
constant,  secular,  and  long  period  terms  are 

b.c.O  =  -|-0".26  —  O'.UT  —  0.0115*?  +  0.0465* 
(h.s.l)  =  —0  .22?'  --  0  .05r  +  0.9T5S)7  +  0.2215x 
(i.c.l)  =  +2  .47 r^-  0  .127'^  -[-  0.22I5»7  —  0.9755x 
(6.8.2)^—0.06  — O.Oir  -i-0.046S*?  +  0.0115x 
(J.C.2)  =  —0  .01     +  0  .12r  +  0.011S,7  —  0.0465» 

The  values  of  Iyi  and  hx  to  be  used  in  these  expressions  axe  those  the  expressions 
for  which  are  given  on  page  97,  and  which  are  tabulated  in  the  last  two  columns 
of  the  table  on  page  184. 

The  following  tables  are  based  on  the  elements  and  theory  laid  down  in  this 
chapter. 
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CHAPTER   IX. 

GENERAL  TABLKS  OF  URANUS. 


Enumeration  of  the  Quantities  contained  in  iM  several  Tables. 

The  first  six  tables  are  designed  to  give  the  values  of  the  three  arguments  of 
the  elliptic  motion,  jr,  u,  and  0,  and  of  the  nine  arguments  of  the  tables  of  pertur- 
bations. The  argument  a  is,  however,  diminished  by  3',  the  sums  of  the  constants 
added  to  the  perturbations  of  (v.e.O)  to  make  these  quantities  positive,  and  6  by 
10",  the  constant  added  to  the  reduction  to  ecliptic.  The  expressions  for  the  argu- 
ments of  perturbations  are  as  follows,  the  mean  longitude  of  each  planet,  counted 
from  the  perihelion  of  Uranus,  being  represented  by  the  initial  letter  of  the  planet. 
All  these  arguments  are  expressed  in  units,  of  which  600  make  an  entire  circum- 
ference, so  that  each  unit  is  36'.  The  time  t  is  counted  in  Julian  years  from  the 
fundamental  epoch, 

1850,  January  0,  Greenwich  mean  noon. 

Arg.l=    J—     U  =  219.190 +  43.44028^ 

2^    S—    U  ^577.349 +  13.22717^ 

3=     ET—    JV  =    88.884  4-  3.50035i 

4=    J—2S  ^497.6     +    9.8445i 

5  =  35—     U—    J=    79.8     +    3.3825i 

6  =  45- 2Cr—     /=    57.1      +16.610i 

7  =  2/—  35—3  U=  238.7  +  18.633^ 
8^3/— 45 —2 JA=  261.3  -f  5.4058i 
9  =  75  —  2/  —ZU^  136. 9     -1-  19.992( 

Table  I  gives  the  corrections  which  must  be  applied  to  the  values  of  the  argu- 
ments at  any  time  during  the  nineteenth  century  to  reduce  them  to  the  corresponding 
time  in  any  preceding  or  following  century  between  the  Christian  era  and  the  year 
2300.  Since  o  and  6  each  contains  a  terra  proportional  to  the  square  of  the  time, 
the  correction  for  these  quantities  is  not  constant  during  each  century,  but  is  of 
the  forfii 

ii,-\-cJT 

a  and  o  being  constant  during  each   century,  and  T  being  the  fraction  of  the 
century  counted  from  its  beginning. 

Table  II  gives  the  value  of  ^r,  w  —  3",  6  —  10",  and  the  above  nine  arguments  for 
Greenwich  mean  noon  of  Jan.  0  of  each  leap  year  from  1752  to  1948,  and  for 
January  —  1  of  the  years  1800  and  1900,  corresponding  to  December  30  of  the  years 
1799    and   1899.     The  corrections  for  the  perturbations  of  long  period  are  not 
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applied  in  this  table.  The  numbers  at  the  bottom  of  this  table,  in  the  line  AI^J, 
show  the  variation  of  the  corresponding  quantity  in  120  d;iys,  for  the  epoch  1850.0. 
In  the  line  "Factor  T"  is  given  the  change  of  this  variation  in  a  century,  while 
Ai^  is  the  second  diiference  for  intervals  of  120  days.  By  means  of  these  num- 
bers, when  the  arguments  are  computed  for  any  date,  their  values  for  other  dates 
at  intervals  of  120  days  may  be  found  by  successive  addition. 

Table  III  gives  the  motion  of  the  several  arguments  between  the  epochs  of  the 
preceding  table  and  the  zero  day  of  each  month  in  the  course  of  a  four-year  cycle. 
The  variable  motions,  u  and  9,  correspond  to  the  epoch  1850,  and  rigorously  they 
each  require  a  correction  for  any  other  four-year  cycle  than  that  between  1848  and 
1852.  But,  owing  to  the  small  inclination  of  the  orbit  of  Uranus  it  is  not  neces- 
sary that  either  w  or  0  should  be  exact,  if  only  their  sum  is  exact.  The  column 
ff  of  this  table,  therefore,  gives  the  correction  which  must  be  applied  to  the  motion 
of  &  at  the  end  of  a  century  (1930)  in  order  that,  being  applied  to  Q  alone,  q-|-  0 
may  be  exact.  This  correction  is,  in  fact,  that  for  the  secular  variation  of  the 
precession. 

Tables  IV  and  V  give  the  motion  of  the  arguments  for  days  and  hours.  The 
motion  for  hours  is,  however,  not  necessary  in  the  case  of  any  argument  but  ff,  as 
all  the  others  can  be  readily  enough  interpolated  to  fractions  of  a  day. 

Table  VI  gives  the  corrections  to  the  arguments  on  account  of  the  terms  of  long 
period  from  1000  to  2200.  The  terms  in  qnestion  are,  in  the  case  of  Jupiter,  the 
great  inequality  produced  by  the  action  of  Saturn,  in  the  case  of  Neptune  the 
great  inequality  produced  by  Uranus,  and,  in  the  case  of  Uranus,  the  inequalities 
in  the  mean  longitude  tabulated  in  the  preceding  chapter.  The  numerical  expres- 
sions are 

^J"=  0.535  sin  (lie  21' +40°  45' 20"  T) 
hU=ll 

The  corrections  to  the  several  arguments  are 

^g  :=         U 

5arg.  1^       ^J—ll 

h  arg.  2  =  —  (7 

garg.  3=      U  —^N=1.15U 

No  correction  to  the  mean  longitude  of  Saturn  is  applied,  all  its  inequalities  being 
taken  account  of  in  the  terms  of  the  second  order. 

The  corrections,  expressed  in  seconds,  have  been  reduced  to  units  of  the'argu- 
ment  by  dividing  them  by  2160". 

Outside  the  limits  of  the  table  these  corrections  must  be  computed  from  their 
formulae. 

Table  VII  gives  the  equation  of  the  centre,  and  the  elliptic  part  of  the  logarithm 
of  the  radius  vector.  No  constant  is  applied  to  the  former,  but  the  latter  is  dimi- 
nished by  .0003400,  the  sura  of  the  constants  added  to  (p.cO)  in  Tables  VIII,  IX, 
X   andXVII. 
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The  formulie  for  the  Tables  are 

Equation  of  centre  ^^        19352".06  sm 
-\-      567  .24:  sin 
+         23  .05  sin  Zg 
-j-  1  .07  sin  4^ 

-f-  0  -05  sin  5g 

Elliptic  log.  r  =        1.2833435 

—  .0003400 

—  .0203618  cos   g 

—  .0007165  cos  2</ 

—  .0000318  cos  3^ 

—  .0000016  cos  4^. 

Table  VIII  gives  the  coefficients  (r.c.O),  (w.c.l),  etc.,  for  the  perturbations  of  the 
longitude  and  logarithm  of  radius  vector  produced  by  the  action  of  Jupiter.     They 
arc  computed  from  the  periodic  terms  of  the  formulas  on  page  83,  with  the  addi- 
tion of  the  following  constants  to  make  all  the  numbers  of  the  table  positive: 
Constant  of  (w.c.O)  ^=  55". 

(y.s.X)  =    6 . 

(w.c.1)  ^3    4 . 

{V.8  2)  —    0  .20 

(t).c.2)^    0.20 

(p.c.O)  =  1200 

(p.s.l)=    150 

(p.cl)  ^^  100 

(p.^.2)  =      10 

(p.c.2)  ^  10 
Table  IX  gives  the  periodic  part  of  the  coefficients  due  to  the  action  of  Saturn, 
taken  without  change  from  the  expressions  on  page  84^  together  with  the  secular 
variations,  the  latter  including  only  the  terms  of  (u.s.l),  (v.c.l),  (y.sM),  and  (v.c.2), 
which  are  multiplied  by  T  and  by  sin  A^  or  cos  A^.  The  coefficients  of  T  are  given 
in  the  columns  Sec.  Var.  and  each  number  is  increased  hy  the  constant  1".50  to 
make  it  positive.  The  term  — 0".06  T  sin  A^  in  (uc.O)  is  omitted  entirely,  as  it  will 
not  amount  to  a  tenth  of  a  second  until  after  the  year  2000.  The  constant  terms 
added  to  the  quantities  of  these  tables  to  make  all  the  numbers  positive,  are: 


Constant  of  (f.c.O)  - 
(»...!)  = 

(!).0.1)  ! 
{V.8.1)  = 

(b.c.2)  = 
(v.t.V)  = 
(u.c.S)  = 

(y.sA)  - 
(w.c.4)  : 


:      30. 

:  150.  +  i.ijor 

:  160.  +  1.50r 

;i3o. -i-i.oor 

;  130.  +  1.507 
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Constant  of  (p.c.O)  =  800 
(p.s.l)=  loOO 
(p.o.l)  =  1500 
(p.«.2)  =  400 
(p.0.2)  =  400 
(p.s.3)  =  100 
(p.c.3)=    100 

Table  X  gives  the  coefficients  produced  by  the  action  of  Neptune,  computed 
from  the  periodic  terms  on  pages  85  and  86  without  any  other  change  than  the 
multiplication  of  all  the  numbers  by  the  factor  0.863  to  reduce  them  to  the  new 
mass  of  Neptune.     The  constants  added  to  the  several  quantities,  are 


Constant  of  (v.c.Q)  ^= 

92.85 

(t.,.,l)  = 

20.00 

(s.c.l)  = 

31.00 

(».».2)  = 

6.00 

(t-.c.2)  = 

6.00 

{v.s.S)  = 

1.00 

(o.c.3)  = 

1.00 

{v.sA)  =  - 

-    1.00 

(».o.4)  =  - 

-    1.00 

Constant  of  (p.c.O)  = 

400 

(p...i)= 

200 

(P.O.!)  = 

200 

(p...2)  = 

40 

(f.0.2)  = 

40 

Tables  XI  to  XVI  give  the  terms  of  the  second  order  and  of  short  period  which 
contain  the  products  of  the  masses  of  Jupiter  and  Saturn,  which,  with  the  constants 
added  to  the  numbers  of  the  several  tables,  are  as  follows : 

(v.c.O)  =  +  O'.OS  sin  A,  +  0".51  cos  A,;    Table  XII 
-j- 0. 04  sin  ^  + 0.01  cos  A;  

—  0  .01  sin  J,  +  0  -OS  cos  A,; 

—  0  .35  sin  ^s  —  1  .30  cos  A,; 

—  0  .06  sin  A  +  0  .03  cos  A,; 

Sum  of  constants  added  to  these  tables 

(v.sA)  =  +  0'.26  sin  A,  +  0".27  cos  A,; 

—  0  .04  sin  A,  —  0.17  cos  A,,; 
+  0  .08  sin  i.  +  0  .03  cos  A,; 

—  -  0  .02  sin  A,  +  0  .08  cos  A, ; 
+  0  .30  sin  /I,  —  0  .68  cos  A,; 

—  0.04  sin  J,; 

25       Juui,  1373. 


able  XII 

const 

=  0".60 

XIII 

=  0  .05 

XIV 

=  0.05 

XV 

=  1  .35 

XVI 

=  0.10 

bles 

2.16 

Table  XT 

const 

=  0".40 

XIT 

=  0  .20 

XIII 

=  0.10 

XIV 

=  0.10 

XV 

0.75 

XVI 

0.10 
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TaMeXI;  const  = 

=  0-.40 

XII; 

0.20 

XIII; 

0.10 

XIV; 

0.10 

XV; 

0.15 

XVI; 

0.10 

I)  in  these  tables 

1.65 

{V.C.I)  =  +  ()".06  sin  A,  —  0".27  cos  A, 
-f-  0  .18  sin  ^,  +  0  .01  cos  A, 

—  0  .03  sin  A^-i-O  .08  cos  A, 

—  0  .02  sin  A  +  0  .09  cos  A, 

—  0  .44  sin  A  —  0  .61  cos  A, 

—  0.10  sin  A +  0.03  cos  A 
Sum  of  constants  added  to  (y.s.l)  and  (u. 

The  term  of  (p.c.O) 

11  sin  A^  —  3  cos  A 
is  omitted  from  the  tables  entirely. 

Tables  XVIIa  and  XVII&  give  the  constant,  secular,  and  long-period  terms  of 
(v.8.1)  (r.c.l),  computed  from  the  formulge  p.  186,  with  the  following  additions: 

1,  The  constant  terms  introduced  by  the  perturbations,  given  on  p.  187. 

2.  The  negatives  of  the  constants  added  to  the  tables  VII  to  XVI  inclusive  to 
make  the  numbers  of  those  tables  positive.     The  values  of  these  terms  are 


Pert.  Const. 

Tables  VIII  to  XVI. 

(1)- 

-(2) 

..1) 

0 

m-.65  +  1 

.507* 

—  nT.65- 

-VMT 

0.1) 

0 

186.65+1 

..50  r 

— 186  .66  ~ 

-i.6or 

..2) 

—  0-.14 

1.35.20+1 

.607" 

-135.34- 

-1.507" 

C.2) 

+  0.13 

135  .20  +  1 

.507" 

—  136  .07  - 

-1.607" 

..3) 

0 

9.00 

—     9 .00 

C.3) 

0 

T.OO 

—     7.00 

c.O) 

[+1972] 

— lOOO 

+  1000 

S.1) 

+     63 

1850 

—  1787 

C.1) 

+     13 

1800 

—  1727 

+       5 

450 

—    445 

».2) 

+       i 

450 

—    446 

The  perturbation  constant  of  fp.c.O),  being  added  to  log  a  in  forming  the  elliptic 
radius  vector,  is  not  included  in  this  table. 

Table  XVIII  gives  the  reduction  to  the  ecliptic 
—  9".3Tsin2)[. 
The  constant  10"  is  added  to  make  the  numbers  always  positive,  which  constant 
has  been  already  subtracted  from  0. 

Table  XIX  gives  the  principal  term  of  the  latitude 
4ry  20".54  X  sin  u. 

Table  XX  gives  the  coefficients  (h.sA)  and  (b.c.l)  for  the  perturbations  of  the 
latitude  produced  by  Jupiter.     They  are  given  by  the  formulfe 

(h.s.l)  =  0".65  cos  (J—  U-\-  40") 
(ft.c.l)  —  0  .65  sin  (/—  fT-]-  40=) 
The  ronsfnnt  0".1Q  is  added  to  make  all  the  numbers  of  the  table  positive. 
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Table  XXI  gives  the  correspoiidiiig  coefficients  for  the  action  of  Saturn,  com- 
puted from  the  expressions  on  p.  87  with  the  addition  of  the  following  constants. 
Const,  of  (6.c.0)  =  0".10 
(&.s.l)  =  3.30 
(?-.c.l)^3.10 
(b.s.2)  ^  0  .20 
(i.c.2)^0.20 
Table  XXII  gives  the  coefficients  for  the  action  of  Neptune  from  the  formulse 
on  p.  87,  all  the  numbers  being  multiphcd  by  the  factor  0.863  to  reduce  them  to 
the  adopted  mass  of  Neptune.     The  following  constants  are  added : 
To  (6.C.0)  ....  0".06 
(J.s.l)  1  .00 

(h.c.l)  1 .20 

(l.s.2)  0 .20 

{h.c.2)  0 .20 

Table  XXIII  gives  the  secular  and  long-period  terms  for  various  epochs  com- 
puted from  the  formulee  of  p.  189.  The  sums  of  the  several  constants  added  in 
the  three  preceding  tables  are  hero  subtracted  again  so  that  these  expressions 
become 

b.c.O   —Sc^       0".10  —  0".12r—     .0115,7  +  M68x 
(?,.s.l)  _2e  =  -  5  .00  —  0  .227'—  0".05r    +  .9755^  +  .22Ux 
(J.c.l)  —  2c  =  —  5  .00  -f  2  .47r4-  0  .127'^   +  .22Uj7  —  .9755« 
(ft.s.2)  _2c^  — 0.46— 0.017'+     .0465>?  +  .OUSx 
(i.c.2)  —  2c^  —  0  .41  +  0  .127"-}-     .OlUv  —  .046Sw 

Precepts  for  (he  use  of  the  Tallies, 

Express  the  date  for  which  the  position  of  Uranus  is  required  in  years,  months, 
days,  and  hours  of  Greenwich  mean  time,  according  to  the  Julian  Calendar  if  the 
date  is  earlier  than  1500,  according  to  the  Gregorian  Calendar  if  it  is  later  than 
1600,  and  according  to  either  calendar  between  these  epochs. 

Enter  Table  I  with  the  beginning  of  the  century,  and  take  out  the  values  of  g, 
o,  tj',  B,  6',  and  arguments  1  to  9.  Multiply  u'  and  0'  by  the  fraction  of  a  century 
corresponding  to  the  date,  and  write  the  products  with  their  proper  algebraic  signs 
under  u  and  Q.  If  the  calendar  is  the  Julian,  the  century  marked  /must  be  taken, 
and  if  the  Gregorian,  that  marked  0.  Between  the  dates  1752  and  1951  it  is  not 
necessary  to  enter  Table  I  at  all. 

If  Table  I  was  not  entered,  enter  Table  II  with  the  year,  or  the  first  preceding 
year  found  therein.  If  Table  I  was  entered,  enter  Table  II  between  the  year 
1800  and  1896  as  if  the  number  of  the  century  were  changed  to  18.  Take  out 
the  values  of  g,  u,  B,  and  the  arguments,  and  write  them  under  the  corresponding 
quantities  from  Table  I. 

Enter  Table  III  with  the  excess  of  the  actual  year  over  that  with  which  Table  II 
was  entered,  and  with  the  month.  Write  the  corresponding  values  of  g,  o,  Q, 
and  the  arguments  under  the  previous  values.     Multiply  0'  by  the  fraction  of  a 
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cen.Hry  after  1850,  corresponding  to  the  date  with  which  Table  II  wiis  entered, 
and  write  the  product  under  0,  or  add  it  to  it  in  writing  0.  If  Table  II  was 
entered  with  a  date  before  1850,  this  product  is  negative. 

Enter  Table  IV  with  the  day  of  the  month  and  write  down  the  corresponding 
values  of  g,  o,  etc.,  under  the  former  values. 

If  the  date  does  not  correspond  to  Greenwich  mean  noon,  the  motion  of  </  for 
the  hours  must  be  computed  from  Table  V,  and  the  other  quantities  must  be 
interpolated  to  the  fraction  of  a  day  in  entering  Table  IV. 

Enter  Table  VI  witli  the  year,  find  by  interpolation  the  values  of  ff,  and  argu- 
ments 1,  2,  and  3,  corresponding  to  the  date,  and  write  them  under  the  former 
values. 

Add  up  all  the  partial  values  of  g,  u,  0,  and  the  arguments,  attending  to  the 
algebraic  signs  of  the  products.  Subtract  from  the  arguments  as  many  times  600 
as  possible,  and  the  results  will  he  the  final  values  of  those  quantities. 

Enter  Table  VII  with  g  as  the  argument,  the  seconds  being  first  reduced  to  frac- 
tions of  a  minute,  and  interpolate  the  quantities  ^and  log  r.  When  g  exceeds  180° 
the  former  quantity  is  to  receive  the  negative  sign;  the  latter  is  always  positive. 

Enter  Tables  VIII  to  XVI  inclusive  with  their  respective  arguments,  and  take 
out  the  values  of  the  quantities  (r.c.O),  (y.s.l),  {v.cA),  etc.,  (p.c.O),  (p.5.1),  etc.,  so 
far  as  they  are  found  in  the  tables,  writing  the  quantities  having  the  same  desig- 
nation under  each  other.  In  Table  IX  the  quantities  Sec.  Var.  must  be  multiplied 
by  the  centuries  and  fraction  of  a  century  of  the  actual'  date  after  1850,  and  the 
product  must  be  included  with  the  corresponding  quantities,  {w.s.l),  (^.c.l),  etc. 
Before  1850  this  product  will  always  be  negative;  afterward  always  positive.  All 
the  quantities  taken  from  these  tables  are  positive  except  (v.sA)  and  (y.cA)  in 
Table  IX,  which  arc  negative. 

Add  up  all  the  partial  values  of  {v.c.O),  (v.s.l),  etc.,  thus  obtained  from  Tables 
VIII  to  XVI,  and  from  their  sum  take  the  corresponding  quantities  obtained  from 
Table  XVII  by  interpolating  to  the  date.  The  required  quantities  arc  all  given 
in  Table  XVIl  h  ;  Table  XVIIa  being  only  an  expansion  of  a  part  of  XVI16  for 
the  present  century.  The  final  values  of  {v.s.l),  {v.c.l),  (v.8.2),  etc.,  (p.s.l),  (p.c.l), 
etc.,  thus  obtained  are  to  be  multiplied  by  the  sines  and  cosines  of  the  correspond- 
ing multiples  of  g,  in  doing  whicli  four  place  logarithms  are  sufficient  if  the  com- 
putation is  carefully  made.  The  products  are  then  al!  added  together,  and  to  g,  (o,  E, 
and  (v.c.O);  in  the  case  of «,  and  to  log.  r,  (p.cO)  in  the  case  of  p.  That  is,  we 
are  to  form  the  expressions: 

u  =  g  -\- a -\-  E ~\-  [v.c.O)  -{-  (f.s.l)  sin    g  -j-  (v.c.l)  cos    g 
\-  (i\s.2)  sin  1j  -j-  (r.c.2)  cos  2ij 
4-         etc,         -{-         etc. 
log  r  ^         log  r  (from  Table  VII)  -f  (p.c.O) 
+  (p.8.1)sin  g)      -f  (p.c.l)eos  g 
~\-  (p.«.2)  sin  2;/)       +  (p.c.2)  cos  1g 
-|-  {p.s.3)  sin  3j/)       -|-  (p.c.3)  cos  Zg. 
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u  will  then  be  the  true  argument  of  latitude,  and  log  r  the  logarithm  of  the  radius 

vector  with  seven  places  of  decimals. 

Under  u  write  9 ;  enter  Table  XVIII  with  the  argument  u  and  take  out  the 

reduction  to  the  ecliptic.     Add  it  to  u  and  0,  and  the  sum  of  the  three  quantities 

will  be  the  heliocentric  longitude  of  Uranus  referred  to  the  mean  equinox  and 

ecliptic  of  the  date.     Applying  nutation  the  longitude  will  bo  reduced  to    the 

true  equinox. 

Enter  Table  XIX  with  u  as  the  argument,  or,  when  u  exceeds   180°,  with 

u—  180°,  and  take  out  the  principal  term  of  the  latitude,  which  will  be  positive 

when  u  is  less  than  180°,  and  negative  when  it  is  greater. 

Enter  Tables  XX,  XXI,  XXII,  and  XXIII  with  their  respective  arguments, 

the  argument  for  the  last  being  the  date,  and  add  up  the  various  quantities  having 

the  same  des'gnation,  noticing  that  in  the  first  three  tables  all  the  quantities  are 

positive,  while  iu  the  last  they  are  all  negative  except  (ft.c.O).     Then  form  the 

expression, 

'(6.C.0)  +  (7-.S.1)  sin  g  +  [h.c.l)  cos^  +  (i.s.2)  sin  2j  +  {h.c.2)  cos  2<j, 

and  add  it  to  the  principal  term  of  the  latitude,  with  regard  to  the  algebraic  signs. 
The  sum  will  be  the  heliocentric  latitude  of  Uranus  above  the  ecliptic  of  the  date. 
When  an  ephcmeris  of  Uranus  is  to  be  computed  for  a  series  of  years,  some 
modifications  may  be  Introduced,  which  will  save  the  computer  labor.  In  the  first 
place  an  equidistant  series  of  dates  being  selected  for  computation,  it  will  be  suffi' 
cient  to  compute  g,  u,  B,  and  the  arguments  for  every  sixth,  eighth,  or  tenth  date, 
and  to  fill  in  the  arguments  for  the  intermediate  dates  by  adding  the  nearly  con- 
stant differences  corresponding  to  the  adopted  intervals.  The  agreement  of  the 
numbers  thus  obtained  for  the  last  date  with  those  found  by  the  original  computa- 
tion will  prove  the  whole  process.  This  interval  may  be  as  great  as  120  days 
without  detrsicting  from  the  accuracy  with  which  the  places  for  the  immediate 
dates  can  be  interpolated,  and  the  differences  for  this  interval  may  be  deduced 
from  the  numbers  at  the  bottom  of  Table  II,  If  these  numbers  are  used  without 
change  the  values  of  q  and  6  for  the  last  date  may  not  always  come  out  right. 
But  these  errors,  if  less  than  a  second,  will  be  of  no  importance  if  the  one  quan- 
tity comes  out  as  much  too  great  as  the  other  is  too  small,  and  they  may  be  avoided 
entirely  by  making  a  small  change  in  the  constant  difference  to  be  added. 

Tables  XI  to  XVI,  inclusive,  need  be  entered  only  for  every  third  or  fourth  date, 
and  the  sums  of  the  quantities  can  be  then  interpolated  to  every  date,  and  added 
up  with  the  corresponding  quantities  from  the  other  tables. 

Again,  it  will  be  found  convenient  to  compute  the  sum  of  the  small  terms 
{v.s.'i)  sin  3^  -\-  («.e.3)  cos  3^  +  (b.s.4)  sin  4^  -j-  {v.cA)  cos  ^g,  as  well  as  the  corre- 
sponding terras  of  the  radius  vector,  and  all  the  terms  of  the  latitude,  not  for  the 
dates  adopted,  but  for  every  fourth  entire  degree  of  g.  Having  a  series  of  values 
computed  iu  this  way,  the  sum  can  be  interpolated  to  the  value  of  g  corresponding 
to  the  date.  To  facilitate  the  formation  of  the  smaller  products  for  entire  degrees 
of  a,  a  table  of  products  of  numbers  by  the  sine  and  cosine  of  every  degree  is 
appended  to  these  tables,  by  which  the  products  in  question  can  be  formed  at  sight 
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whenever  the  coefficient  to  be  multiplied  is  less  than  32".  The  values  of  these 
coefficients,  (j!,s,3),  (v.c.3),  etc.,  corresponding  to  the  entire  degrees  of  g,  may  be 
either  formed  by  interpolation  at  sight  from  those  corresponding  to  the  dates  of 
computation,  or  the  vahies  of  the  arguments  2  and  3  corresponding  to  the 
required  degrees  of  g  may  be  computed,  and  the  values  of  (v.s.Z),  etc.,  correspond- 
ing to  these  values  of  the  arguments  may  be  taken  from  Tables  IX  and  X,  while 
Table  XV'II  must  be  entered  with  the  corresponding  dates. 

If  the  heliocentric  cphemeris  is  computed  for  ten  years  at  a  time,  the  last  of 
these  modifications  in  the  mode  of  computation  will  greatly  facilitate  the  computa- 
tion of  the  smaller  terms.  We  first  find  the  date,  and  the  values  of  arguments  1, 
2,  and  3,  to  one  place  of  decimals,  for  some  entire  degree  of  g  preceding  that  which 
corresponds  to  the  first  date,  and  then  find  the  dates  and  the  values  of  the  arguments 
corresponding  to  successive  values  of  g,  differing  by  2"  or  4°,  until  we  pass  the  last 
date  of  computation.  We  then  talte  out  the  values  of  (v.s.S),  (v.c.S),  [v.sA),  (v.cA), 
(p.s.3),  (p.c,3),  (/ac.O),  (6.8.1),  (b.c.X),  (fe.a.2),  and  (b.c.2),  with  these  values  of  the 
dates  and  arguments,  form  their  products  by  the  sines  and  cosines  of  the  corre- 
sponding multiples  of  g  by  means  of  the  supplementary  tables,  and  add  the  proper 
products  together  so  as  to  form  three  small  tables  with  g  as  the  argument.  'ITiese 
terras  are  then  interpolated  to  the  values  of  g  corresponding  to  the  original  dates 
of  computation. 

As  a  first  example  of  the  use  of  the  Tables  we  will  compute  the  heliocentric 
co-ordinates  of  Uranus  for  Greenwich  mean  noon  of  the  date  1753,  Dec.  3.  In 
computing  the  arguments  we  shall  make  use  of  Table  I,  though  it  is  not  necessary 
to  do  so.     The  computation  of  the  arguments  is  as  follows; 


9 

» 

6 

Arg.  1 

TaWe  I,  1100 
Product  by  U.5393 
Table  II,  1852 

III,  Y.  1,  Dec. 

IV.  3  (lays 
VI,  1763.92 

2i)l     31 

1. 

0.73 
3.38 
6,70 
2.30 

359 

94 
0 

7       5.33 

-f-3.24 

59       2.03 

1       0-73 

0.21) 

359     29     11.47 
—4.45 

73     14     35.11 

0       0     35.59 

0.15 

456.092 

306.010 
83.252 
0.357 
0.507 

223     U 
8     12 
0       2 
0       0 

It 53,  Dec.  3 

108     30 

0.48 

94 

7     11.69 

72     44     17.87 

246.218 

■Arg.  2 

3 

4 

5 

6 

7 

8 

9 

Table     I,  UOO 
II,  1853 

III,  y.  1,  Dec. 

IV,  3  davs 
VI,  1753.9 

4TT.319 

3.785 

25.349 

0.109 

—0.014 

249.975 

95.880 

6.709 

.020 

4-.  024 

2ifi 

517 

19 

0 

2G2 
87 
6 
0 

139 
90 
33 
0 

537 

27  fi 

3C 

0 

59.4 

272.1 

10.3 

0.0 

401 

177 

38 

0 

1753,  Dec.  3 

606.548 

;J52.617 

152 

365 

2fil 

249 

341.8 
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(oc.O)       (o.,.l)       (c.cA)       (»...2)     (K. 


(0...3)      (B.c.S)     (».,.!)     („.c.« 


Table  VI 11 

83.58           9.97 

6.61 

0,37 

0.31 

IX 

21.32         22.24 

223.49 

60.92 

238.89 

1.42 

11.07 

0.32 

1.64 

X 

71. OS         ISI.02 

18.30 

6.G4 

5.33 

0.70 

1.19 

—0.95 

—1.04 

XI 

.13 

.47 

XII 

.13             .36 

.10 

XIII 

.06               11 

.01 

XIT 

.01              ,04 

,03 

XT 

3.38            1.40 

1.12 

XVI 

.12             .09 

,11 

£ 

ITS. 68         53.36 

350.34 

67.93 

344.58 

2.12 

12.26 

Table  XVII 

—292.55 

—140.91 

-140.73 

—131.03     - 

-9.41 

—6.85 

—0.63 

—239.19 

+  109,35  - 

-  72.80 

+113.55     - 

-7.29 

+5.41 

+0.60 

Cp.^-0)          b 

.s.l) 

(P,c.l) 

(p-«.2) 

fp 

c-2) 

fp.«.3) 

(p.c,3) 

Tablo  VIII 

251 

18S 

32 

326 

259 

222 

21 

43 

1663 
1104 

1183 
—1321 

G14 
—500 

642 
—412 

639 
—360 

154 
—98 

lU 
_94 

2767 

—  133 

+114 

+230 

+279 

+56 

+n 

log     sin 


1)  — 2.3787 

+  9.2994 

1)  —2,124 


log  (u.c,l)  + 2.0388 
log  C0S3  —9.9912 
h^if.o.l)   +3,057 


log  (v.s.2)  —  1.8621         log  (v.c.2  +  3. 
log  sin  2g  —  9.5916         log  cos  2g  + 


E 
y,c,fl) 
v.s.l)sin 
t!,c.l)coa 
....2)  sin 
V.C.2)  cos 
U.S. 3)  sill 
«.c.3)cos 
y,s.4)sin 
u.<?.  4)cos 


30     30.48 

1  11.59 
0     46.21 

2  58.68 
—47.66 

-1     47.15 
38.43 


I     44.55 

—  4,13 

—  4.46 
0.47 
0.41 


263 

72 


Long. 
Xutal 

nea 

,Eq 

Long. 

true 

Eq. 

>  57,42 
.  17,87 
_  7.95 
i  33;  24 
+  fi,-'>l 


3  XX 
XXI 
XXII 


J) +  3 
(6.,s. 


log(|,.c.2)  +  2. 
(6,0.1)       (b.s.2) 


0,41 
0.18 


4.81  7  .86         0.59 

—4.28        —6  .88     —0,43 
+0.53        +0  .98     +0.16 


.0552 
9641 
446 

(6,c,2) 
0,17 

o.n;^ 

0,34 

—0.51 

—0.17"" 


logr 

eVII     1,3023222 

l^ 

Tabic  XIX  _0     46 

3."73 

c,0)                  2767 

(b.c.O)   Tablo  XXI 

0  .16 

8.1)  smg      -26 

XXII 

0  ,09 

c.l)eos3      -112 

XXIII 

0  ,20 

S.3)  sin  2</    —  90 

(6,s.l)  sin  g 

+0  ,11 

c.3)cos23    +357 

ib.c.l)cos(, 

— 0  .96 

S.3)  sin  Sg    +  31 

(6.S.2)  sin  2g 

— 0  .06 

e.3)  cos  S<j    —  14 

(&.C.2)  cos  2g 

— 0  .16 

i^r             1.326035 

Latitude        —  0     46 

4  .35 

As  a  second  example  we  will  take  the  computation  of  an  cphemeris  for  the  years 
1876  and  1877.  We  take  as  the  extreme  dates  1875,  December  15,  and  1878,  April 
3,  between  whii?h  are  seven  intervals  of  190  days  each,  which  we  adopt  as  those 
of  computation.     We  first  form  the  arguments  for  the  extreme  dates  as  follows: 
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I.    Fo 

1875,  Dec. 

15  =  1875.96. 

9 

U 

e 

Arg.  1 

Table  II,  I8T2 

III,  3  Y.  Dee. 
lY,  15  days 
VI,  1875.96 

3H     23     55.70 

IG     4G     2S.7S 

0     10     33.50 

2.20 

95 
0 

9     3 
2 

5.64 
4.06 
1.30 

73 
0 

20     46.6 
1     12.7 

0.7 

2 
6 

574.815 

170.072 

1.784 

+    0.426 

For  1875,  Dec.  15 

331     23 

5.16 

95 

11     41.00 

73 

22       0.15 

147.097 

Arg.  2 

=> 

4 

5 

6 

7 

8 

9 

Table  11,  1872 

III,  3  Y.  Doc. 

IV,  15  davs 
VI,  1875.90 

208.328 
61.78S 
0.543 

165.888 
13.705 
0,144 

+       2 

114 
39 
0 

154 
13 
0 

423 
65 

1 

49 
73 

1 

380.3 
21.1 
0.2 

577 
78 

1 

For  1875,  Dee.  15 

320.655 

179.739 

153 

167 

489 

123 

401.6 

56 

ir.   For  1878,  April  3  ^  1878.26. 

a 

a 

0 

Arg.  1 

Table  II,  1876 

III,  2  Y.  April 

IV,  3c! 

VI,  1878.26 

331     34     18.70 

9     37     53.62 

2       6.10 

2.62 

95 
0 

11     42.33 

1     11.23 

0.26 

"73     22       1.0 

0       0     41." 

0.1 

3 

5 

148.676 

97.643 

.357 

.421 

For  1878,  April  3 

341     14     21.64 

95     12     53.82 

13     22     42.93 

246.997 

Arg.  2 

3 

4 

5 

6 

7 

8 

» 

Table  11,  1876 

III,  2  Y.  April 

IV,  3d 

VI,  1878.26 

321.237 

29.732 

.109 

—  .001 

179.889 

7.868 

.029 

-f-     .002 

153 
22 
0 

168 
7 
0 

489 
37 
0 

123 

42 
0 

401.9         57 

12.1          45 

0           0 

For  1878,  April  3 

351.077 

187.788 

175 

115 

526 

165 

414.0       102 

We  now  fill  in  the  values  of  g,  the  arguments  1 — 9,  and  the  times  with  which 
Table  XVII  is  to  be  entered,  for  the  intermediate  dates,  by  adding  the  nearly 
constant  differences  deduced  from  the  numbers  at  the  bottom  of  Table  II.  The 
seconds  of  g  are  first  reduced  to  fractions  of  a  minute,  with  which  to  enter  Table 
VII.  In  making  the  subsequent  computation  we  have  used  none  of  the  devices 
previously  described  except  in  the  case  of  the  small  longitude  terms,  as  follows : 
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340 
300 


3)  — I.H  —1.13  —1.13  —1.16  —1.23  —1.33  —1,48 
.3)  —  2.46  —  2.56  —  2.66  —  2.16  —  2,88  —  3,01  —3,16 
i)  +  0,59  +  0,60  +  0,59  +  0,.')5  +  0.50  +  0.43  +  0.36 

4)  —0,10  —  0.20  —  0.30  —  0,40  —  0.4T  —  0.5t  —  0,64 

3)8m5g  +1,14  +1,12  +1,11  +1.11  +1.12  +1,15  +1.20 

.3)  cos  3?  .00  —0,26  —0.55  —0,85  —1.17  —1.50  —1.86 

4)sin4sr  —    .51  —    .56  —    .51  —    .55  —    .50  —    .42  —    ,34 

4)eos4(/  +    .05  +    ,01  +    .07  +    .04  —    .02  —    ,10  —    .19 


Slim  +  0.68         +  0.31         +  0.06         —  0.25         —  0,51         —  0.87         — 1.19 

It  will  be  seen  tliat  we  have  here  computed  twice  as  many  numbers  as  are 
necessary  to  interpolate  with  all  attainable  accuracy. 

The  rest  of  the  computation  is  fully  given  on  the  four  following  pages.  First 
we  have  the  values  of  g  and  the  nine  arguments  for  the  intermediate  dates,  filled 
in  by  successive  addition  of  the  nearly  constant  difi'erenee.  The  arguments  thus 
obtained  for  the  last  date  may  be  compared  with  those  just  computed  on  the  pre- 
ceding page. 

The  numerals  in  the  first  columns  of  the  sections  of  computation  following 
indicate  the  arguments  with  which  tables  are  entered  to  obtain  the  separate  values 
of  the  quantities  (i\c.O)j  (v.s.l),  (f.c.l),  etc.  The  negative  terms  in  Table  XVII 
being  taken  from  the  sum  of  all  the  periodic  terms  from  Tables  VIII  to  XVI  with 
argument  1  to  9,  we  have  the  final  values  of  (f.c.0),  {v.8.l),  etc. 

The  final  computation  of  the  products  (v.s.i)  sin  ig,  etc.,  and  the  addition  of  the 
separate  terms  which  make  xip  the  three  co-ordinates,  are  shown  on  page  205,  The 
expressions  c.O,  s.l,  etc.,  are  employed  for  brevity,  instead  of  (w.c.O),  (v.s.l)  sin  g,  etc. 

The  longitude  finally  given  by  the  tables  is  referred  to  the  moan  equinox,  and 
must  therefore  be  corrected  for  nutation  before  being  used  to  compute  the  geocentric 
place. 
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Data,     i 

1875,  D«e.  15  187S.  Apr-  13 

Aug.  11 

Deo.  B 

1877,  Apr.  8 

Aug.  e 

D»o.  4 

1^78,  Apr.  3 

1875.955. 

187IJ.283. 

i87s.eia. 

1876.940. 

1877.269. 

1877.597. 

1877.925. 

1878.254. 

331    23.086 

32   47.554 

334    12.021 

335    36.489 

337      0.95V 

338    25.425 

839    49.893 

341    14.361 

Ave.  1 

147.097 

161.368 

175.639 

189.910 

204.182 

218.453 

233.724 

246.995 

^  a 

320.f;55 

325.001 

339.346 

833.693 

338.038 

343.383 

346.729 

351.074 

3 

179.739 

180. 8S9 

182.038 

183.188 

184.338 

185.488 

186.638 

187.788 

i 

153. 

156. 

159. 

163. 

166. 

169. 

173. 

175. 

5 

167. 

175. 

G 

489. 

494. 

500.' ' 

505.' ' 

511. 

516.'" 

521. 

627. 

1 

133. 

129. 

135. 

141. 

147. 

153. 

160. 

166. 

8 

401.6 

403.4 

405.2 

407.0 

408.7 

410.5 

412-3 

414.1 

!) 

56. 

63. 

69. 

75. 

82. 

88. 

95. 

101. 

(ti.c.O)! 

108.01 

107.74 

106.29 

103.68 

99.98 

95.35 

89.62 

83.21 

2 

U.80 

14. n 

13.66 

12.65 

11.68 

10.76 

9.90 

9.09 

3 

72.43 

73.60 

14.77 

75.94 

77.10 

78.36 

79.42 

80.56 

5 

.59 

.58 

.58 

.57 

.56 

.56 

.55 

.54 

6 

.02 

.02 

.03 

.03 

.03 

.03 

.03 

.03 

7 

.07 

.07 

.06 

.06 

.06 

.06 

.05 

.05 

8 

1.68 

1.C5 

1.63 

1.60 

1.58 

1.55 

1.53 

1.50 

9 

.09 

.09 

.09 

.09 

.08 

.08 

.08 

.07 

198.69 

198.46 

197.10 

194.62 

191.07 

186.55 

181.18 

175.05 

(....1)  1 

6.84 

7.68 

8.40 

8.99 

9.44 

9.74 

9.91 

9.98 

132.20 

125.48 

118.82 

112.21 

105.67 

99. 2i 

93.89 

86.69 

sec.  2 

.18 

.20 

.22 

.23 

.25 

.27 

.29 

.31 

3 

1.09 

1.07 

1.08 

1.12 

1.19 

1.29 

1.41 

1.56 

4 

.13 

.12 

.11 

.10 

.10 

.09 

.09 

.08 

5 

.19 

.19 

.19 

.19 

.19 

.20 

.20 

.20 

.04 

.04 

.04 

.05 

.05 

.00 

.06 

.07 

7 

.14 

.14 

.13 

.13 

.13 

.12 

.11 

.10 

8 

1.28 

1.28 

1.27 

1.36 

1.36 

1.25 

1.24 

1.33 

9 
2 

.08 

.08 

.08 

.08 

.07 

.07 

.07 

.07 

142.17 

136.28 

130.34 

124.36 

118.34 

112.33 

106.27 

100.39 

Tab.XVD 

—154.21 

—153.84 

^153.47 

—153.10 

-152.73 

—152.36 

—151.99 

—151.63 

—  12.04 

—  17.56 

—  23.13 

—  38.74 

_  34.39 

—  40.03 

—  45.72 

—  51.33 

(v.c.l)l 
2 

5.64 

6.03 

6.38 

6.67 

6.85 

fi.91 

6.82 

5.59 

5.01 

6  00 

7-31 

8.90 

10.80 

13.00 

15.49 

18.35 

sec.  2 

.69 

.71 

.73 

.74 

.75 

.77 

.79 

.80 

3 

23.20 

24.09 

34.95 

35.83 

26.68 

27.53 

28.37 

29.19 

4 

.47 

.48 

.49 

.50 

.50 

.51 

.m 

.52 

5 

.37 

.37 

.37 

.37 

.37 

.37 

.87 

.37 

r, 

.16 

.17 

.17 

.18 

.18 

.18 

.18 

.18 

7 

.15 

.14 

.13 

.13 

.12 

.13 

.11 

.10 

8 

0.66 

0.64 

0.63 

0.61 

0.60 

0.59 

0.57 

0.56 

9 

.07 

.07 

.06 

.06 

.05 

.04 

.04 

.03 

36.43 

38.70 

41.31 

43-98 

46.90 

50.02 

53-26 

56.59 

Tab.XVI 
(v.c.l) 

—205.86 

—206.08 

-206.29 

—206.51 

—206.73 

—206.94 

—307.15 

—307.37 

— 1G9.44 

—167.38 

—165.08 

—163.53 

—159.83 

—156.92 

—153.89 

—150.78 

(v.s.^)  1 

.06 

.10 

.15 

.21 

26 

.31 

.34 

.37 

^            2 

54.12 

49.37 

44.78 

40.37 

36.15 

82.11 

28.30 

24.70 

sec.   2 

.39 

.42 

.44 

.47 

.49 

.51 

.53 

.56 

3 

s 

2.05 

2.19 

2.31 

2.45 

2.60 

2.76 

2.91 

3.07 

56.62 

52.08 

47.63 

43.60 

39.50 

35.69 

32.08 

28.70 

Tab.XVI 
(V.S.2) 

—134.34 

—134.33 

—134.31 

—134.29 

—134.27 

—134.36 

—134.24 

—134.32 

—  77.72 

—  83.24 

—  86.63 

—  90.79 

—  94.77 

—  98.57 

—102.16 

—105.52 
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Date,     { 

1875,  Deo.  IB 

1876,  Apr.  13 

Aug,  11 
167li.613. 

Dkc.  9 

1867.&40. 

1877,  Apr.  8 
1877.269. 

Ang.  8 
1877.697. 

D^o,  4 

1877-925. 

1878.  Apr.  8 
1878,264. 

sec.   2 
3 

Tab.XVIl 

iv.c.2) 

331    23.086 

.31 

25.34 

.16 

6.23 

332    47,554 

.30 

28.93 

.76 

6.40 

334    12.021 
.29 
32.71 

.77 
6.56 

335    36.489 

*    .29 

36.73 

.78 

6.70 

O           ' 

337     0.057 

.29 

40.93 

.79 

6,85 

338    25.425 

.30 

45.35 

.79 

6.99 

339    49.893 

.30 

49.93 

.80 

7.10 

341    14.361 

.31 

54.69 

.80 

7.30 

32.64 
— 136.5T 

36.39 
—136.59 

40.33 
—136.60 

44,50 
—136,63 

48.86 
—136.64 

53.43 
—136.65 

58.13 
—136.67 

63.00 
—136.69 

—103.93 

—100.20 

—  96,27 

—  92.12- 

—  87,78 

—  83,32 

—  78.54 

—  73.69 

(U.S. 3)  2 
3 

Tab.XVll 
(«.s.3) 

6.92 
0.87 

6.89 
0.91 

6,84 
0.94 

6.78 
0.98 

6.70 
1,01 

6.61 
1.04 

6.51 
1.08 

6.37 
1. 11 

7.79 
—8.92 

7.80 
—8.93 

7.78 
—8,91 

7.76 
—8.91 

■7,71 
—8.91 

7.65 
—8.91 

7.59 
-8.91 

7.48 
—8.91 

—1.13 

—1.12 

—1.13 

—1.15 

—1.20 

—1.26 

—1.32 

—1.45 

(d.c.3)  2 
3 

Tab.XVll 

(v.c.3) 

3.19 
1.34 

3.12 
1,34 

3,05 
1,84 

L34 

2.90 
1.33 

2.82 
1.33 

2.75 
1,31 

2.67 
1.29 

4.53 
—7.06 

4,46 
—7,06 

4,39 
—7.06 

4.33 
—7,06 

4.23 
—7.06 

4.15 

—7.06 

4.06 
—7.06 

3.96 
—7,06 

—2.53 

—2.60 

—3,67 

—2.74 

—2.83 

—2.91 

—3.00 

—3,10 

(v.s.i)  2 
3 

(v.s.i) 

1.48 
—0.88 

1.48 
—0.88 

1.47 
—0.88 

1.45 
—0.89 

1.43 
—0.89 

1.40 

—0,91 

3.36 
—0.93 

1.33 

—  .94 

+0.60 

+0.60 

+0.59 

+0.56 

+0.54 

+0.49 

+0.43 

+0.39 

3 
(«.c.4) 

0.83 
—1.00 

0.77 
—1.02 

0,72 
—1.03 

0.66 
■     —1.04 

0,61 
—1.05 

0,57 
—1,06 

0.51 

-1.07 

0.47 

—1.08 

— O.IT 

—0.25 

—0,31 

—0.38 

—0,44 

—0.49 

—0.56 

-0.61 

(p.c.O)  1 

3 
Tab.XVll 

1230 
98 
11 
968 

1063 
99 
10 
968 

899 

101 

9 

968 

741 

104 

9 

967 

694 

108 

8 

967 

460 

113 

8 

967 

344 
118 

8 
966 

246 

126 

9 

966 

230T 

3140 

1977 

1831    . 

1677 

1648 

1436 

1347 

(p.S.l)   1 

2 
3 

S 
Tab.XVll 

248 
2835 
173 

240 
2822 
168 

230 
280T 
165 

221 
2789 
161 

211 
2769 
158 

303 
2748 
155 

194 
3733 
151 

187 
2696 
148 

3256 
—1984 

3230 
—1987 

3202 
—1989 

3171     1          3138 
—1991          —1993 

3106 
—1996 

3068 
—1998 

3031 
2000 

+1273 

1243 

1213 

1180              1145 

1110 

1070    1          1031    1 

(p.C.l)l 

2 

3 

Tab.  XVI 
(p-c.l) 

123 

1266 

66 

112 

1203 

66 

97 

-       1138 

67 

83 

1074 

67 

69 

1009 

68 

55 
947 
70 

41 
886 
72 

31 

827 
74 

1456 

—1977 

1380 

1302 
—1986 

1224 

—1990 

1146 
—1994 

1073 
—1998 

—2002 

932 
2006 

—  522 

—  601 

—  684 

—  766 

—  843 

—  926 

—1003 

—1074 
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Date,    j 

1875,  D«o.  15 
1875.955. 

1S76,  Apr.   13 

187ii.283. 

Aug.  11 
187ti.iil2. 

De,;,  9 
1867.940. 

4S77,  Apr.  8 
1877-3(19. 

1877.69/. 

Dee.  4 
1877.925. 

1878,  Apr.  3 
1878.254. 

(p.s.2)  3 
3 

Tab.XVII 

(p.s.2) 

331    23.086 
174 

26 

332    47.554 
181 

25 

134    12.021 

189 
25 

335    36.489 
196 
24 

337      0.957 
204 
24 

333    25.425 
213 
24 

339    49.893 
223 
23 

341    14.361 
233 
23 

200 
—459 

206 
-459 

214 
—459 

220 
—459 

228 
—460 

237 
-460 

246 
— 4G0 

255 
— 4G0 

—259 

—253 

-245 

—239 

232 

—223 

— 2U 

—205 

(p.c.2)2 
3 

Tab.XVII 

559 
33 

568 
33 

576 
34 

584 
35 

592 
36 

eoo 

37 

G07 
39 

614 
40 

592 
—464 

601 
—464 

610 
—464 

619 
—465 

628 
—465 

637 
—465 

646 
—465 

654 
—466 

+128 

137 

14G 

154 

163 

172 

181 

188 

Cp.s.3)  2 
Tab.XVII 

(p.«.3) 

28 
—101 

31 
—101 

34 
-101 

39 
—101 

43 
—101 

47 
—101 

52 
-101 

57 
—101 

—  73 

—  70 

—  67 

—  62 

—  5-S 

—  54 

—  49 

—  44 

(p.c.3)  2 

Tab.XVII 

(p.c.3) 

155 
— lOf! 

159 
—102 

1C2 
—102 

166 
—102 

169 
—102 

172 
—102 

175 
—102 

177 
-102 

+  63 

57 

60 

64 

C7 

70 

73 

75 

(6.C.0)  2 
3 
Tab.XXin 

(6.C.0) 

0.12 
O.ll 

0.07 

r.l2 
0.11 
0.07 

0.13 
0.11 
0.07 

0.13 
0.11 
0.07 

0.14 
0.11 
0.07 

0.14 
0,11 
0.07 

0.15 
0.11 

0.07 

0.15 
0.11 
0.07 

0.30 

0.30 

0.31 

0.31 

0.32 

0.32 

0.33 

0.33 

(6.S.1)  1 
3 
3 

Tab.XXIIl 

C6.S.1) 

0.30 
0.12 
1.11 

0.22 
0.09 
1.11 

O.IG 
0.06 
1.12 

0.12 
0.05 
1.12 

0.08 
0.04 
1.13 

O.OC 
0.04 
1.13 

0.05 
0.05 
1.14 

O.OG 
0.06 
1.14 

1.53 

_— 5.23 
—3.70 

1.42 
—5.24 

1.34 
—5.24 

1,29 

—5.24 

1.25 
—5,24 

1.23 
—5.25 

1.24 
—5.25 

1.26 
-5.25 

—3.82 

—3.90 

—3.95 

—3.99 

— 4.02 

—4.01 

—3.99 

(6.C.I}  I 
2 
3 

Tab.  XXIII 
{b.c.l) 

1.21 
0,9fl 
1.01 

1.14 

l.Ofi 
1.00 

1.06 

1,17 
1.00 

0.98 
1,28 
0.99 

0.90 
1.39 
0.99 

0.80 
1,51 
0.99 

0.70 
1.63 
0.98 

0.61 
1.75 

0.98 

3.1ii 
—4.45 

3.20 
—4.44 

3.23 
—4.43 

3.25 
—4.43 

3.28 
—4.42 

3.30 
—4.41 

8.31 

—4.41 

3.34 
—4.40 

—1.27 

—1.24 

—1.20 

—1.18 

—1.14 

—1.11 

—1.10 

—1.06 

(6.8.2)  2 

Tab.XXni 

(6.S.2) 

0.02 
0.16 

—0.48 

0.02 

0.16 

—0.48 

0.03 

O.lfi 

—0.48 

0.04 

0,15 

—0.48 

0.04 

0.15 

—0.48 

0.05 

0.15 

—0.48 

0.06 
0.15 

—0.48 

0.07 

0.15 

—0.48 

-0,30 

—0,30 

—0.29 

—0.29 

-0.29 

—0.28 

-0.27 

—0.26 

(6.r.2)  2 
3 
Tab.XXIIl 

0.31 

0.10 

—0.38 

0,32 

0,10 

—0.38 

0.33 

0.10 
—0.38 

0.34 

0.10 
—0.38 

0.34 
0.11 

—0.38 

0.35 

0.11 
—0.38 

0.36 

o.n 

—0.38 

0.36 
0.11 

—0.38 

(6.e.2) 

+0.03 

+0.04 

-1-0.05 

+0,06 

+0.07 

40.08 

+0.09 

+  0.09 
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Date,     i 

1875,  Dee.  15 

1876,  April  13 

Aug.  11 

Gee.  9 

1877,  April  8 

A«s.  6 

Dec.  4 

1878,  April  3 

1875.965. 

1876-383. 

187ti.612. 

IS7ii.940. 

1877.2ua. 

1877.697. 

1877.926. 

1878.354. 

9 

331    23.08C 

o          / 
332    47.554 

334    12.021 

335    36.489 

337      0.957 

338    25.425 

339    49.893 

341    14.361 

log(c.s.l) 

— 1.0806 

—1.2445 

—1.3642 

,      —1.4585 

—1.5365 

—1.6024 

—1.6601 

—1.7104 

—9.6803 

—9.6001 

—9.6386 

—8.6159 

—9.5916 

-9.5655 

—9.5375 

-8.5073 

lOg(p.S.l) 

4-3.1045 

3,0944 

3.0838 

3.0719 

3.0588 

3,0453 

3.0294 

3.0133 

log(v.c.l) 

—3.2200 

—3.2237 

—2.2177 

—3.3109 

—2.2036 

—2.1957 

—2.1872 

—2.1784 

eoaj 

+8.9434 

8.9491 

9.9544 

9.9594 

9.9641 

9.8685 

9.9725 

9. 9763 

bg(p.C.l) 

— 3.n3 

—2.779 

—2,835 

—2.884 

—3.928 

—2.867 

—3.0013 

—8.0310 

iog(u.s.3) 

—1.8905 

-!-1.9151 

—1.9376 

—1.9580 

— 1.97G6 

-1.9937 

—2.0093 

—3.0233 

sin  2? 

—9.9247 

—9.9102 

^9.8941 

—9.8763 

—9.8566 

—9.8350 

-9.8111 

—9.7846 

log  (p.s.3) 

—2.413 

—3.403 

— 3.3a9 

—2.378 

— 2.3G5 

—2.348 

—2.330 

—2.312 

log(D.c.2) 

—9.011)7 

—2.0009 

—1.9835 

—1.9644 

—1.9434 

-1.9303 

—1.8951 

—1.8674 

cosSsr 

+'J.1335 

9.7649 

9.7932 

9.8189 

9.8421 

8.8630 

8.8821 

9.8994 

]og(p.«.2) 

+2.107 

2.137 

2.164 

2.187 

2.212 

2.236 

2.258 

2.274 

^9 

1  24  28. 066 

1  24  38.066 

1  24  28.000 

1  24  28.067 

1  24  28.068 

1  24  28.068 

1  24  28.069 

g 

331  23    5.16 

332  47  33.225 

334  12     1.291 

335  36  29.357 

337    0  57.424 

338  25  25.493 

339  49  53.560 

341  14  21.03 

85  11  41.00 

95  11  51.40 

85  13    1.81 

95  12  12.21 

95  12  22.61 

95  12  33.01 

95  12  43.42 

95  12  53.83 

S 

—2  42  49.15 

—2  35  33.18 

—2  28  10.63 

—2  20  41.76 

—a  13    6.93 

—3    5  36.43 

— 1  57  40.55 

— 1  49  49.66 

c.O 

3  18.G9 

3  18.46 

3  17.10 

3  14.63 

3  11.07 

3    6.55 

3    1.18 

3  55.05 

s.l 

5.n 

8.03 

10.07 

11.87 

13.43 

14.72 

15.76 

16.61 

C.l 

—2  28.72 

—2  28.86 

—2  28.62 

—2  28.00 

—3  37.13 

—2  25.93 

—2  24.43 

—2  32.80 

S.3 

1    6.34 

1     6.88 

1     7.87 

1    8.28 

1     8.13 

1    7.40 

1    6.13 

I    4.26 

C.2 

—    66.27 

—    5S.31 

—    59.80 

—1    0.71 

—1     1.03 

—1     0.70 

—    59.87 

—    58.45 

(3+4) 

0.46 

0.25 

0.03 

—      0.19 

—      0.41 

—      0.63 

—      0.83 

—      1.00 

^ 

63  53    2.28 

65  24  57.89 

66  56  59.12 

68  29    5.68 

70    1  17.15 

71  33  33.48 

73    5  54.37 

74  38  19.36 

g 

73  22    0.15 

73  22    6.36 

73  22  13.37 

73  22  18.48 

73  23  24.60 

73  33  30.71 

73  22  36.82 

73  22  42.93 

£ 

2.58 

2.81 

3.25 

3.61 

3.98 

4.37 

4.79 

6.23 

LoDgitude 

137  15    5.01 

133  47     7.06 

140  19  14.74 

141  51  27.77 

143  23  45.73 

144  56    8.56 

146  28  35.98 

148    1    7.51 

logn 

1. 2047393 

1.2644735 

1.2642196 

1.2639778 

1.2637486 

1.2635319 

1.2633280 

1.2631370 

c.O 

2307 

2140 

1977 

1821 

1677 

1548 

1436 

1347 

s 

1 

—609 

—668 

—528 

—487 

—447 

—408 

—369 

—  333 

e 

1 

—458 

—535 

—615 

—697 

—780 

—861 

—941 

—1017 

g 

3 

+218 

206 

192 

179 

167 

152 

138 

125 

c 

2 

+  69 

80 

91 

101 

113 

126 

138 

149 

g 

3 

+  73 

69 

05 

GO 

54 

49 

43 

37 

c 

3 

+     i 

8 

13 

19 

23 

29 

36 

41 

log  J- 

1.2048996 

!. 2646135 

1.2043391 

1.2640774 

1.2638293 

1.2635954 

1.2633761 

1.3631720 

^0 

+41    36.64 

42    8.48 

43    38.54 

43    6.78 

43    33.14 

43    57.62 

44    20.23 

44    41.19 

C.O 

+0.30 

0.30 

0.31 

0.31 

0.32 

0.32 

0.33 

0.33 

s.l 

+1.77 

1.75 

1.70 

1.63 

1.57 

1.48 

1.38 

1.29 

c.l 

—1.11 

-l.IO 

^1.08 

-1.07 

—1.05 

—1.03 

—1.03 

—1.00 

s,2 

+0.25 

0.24 

0.23 

0.22 

0.21 

0.19 

0.17 

0.16 

c.2 

+0.02 

0.03 

0.03 

0.04 

0.05 

0.06 

0.07 

0,07 

Latitude 

+41    37.87 

43    9.70 

42    39.73 

43    7.91 

43    34.24 

43    58.64 

44    21.15 

44    42.04 
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TABLE  I.— Corrections  of  Arguments  fob  past  and  future  Centuries. 

Century. 

9 

(J 

(!> 

6 

6' 

Arg.l 

OJ 

207 

15  59.33 

343  52  17.36 

+  108.00 

351     6  26.89 

—148.32 

408.924 

100 

275 

45  34.18 

344  46  54.12 

102,00 

351  34  55.39 

—140.08 

552.952 

200 

344 

15     9.04 

345  41  24.88 

96.00 

352     3  32.13 

—131.84 

96.980 

300 

52 

44  43.90 

346  35  49.64 

90.00 

352  32  17.11 

—123.60 

241.008 

400 

121 

14  18.76 

347  30     8.40 

84.00 

353     1  10.33 

—115.36 

385.036 

500 

189 

43  53.62 

348  24  21.16 

+  78.00 

353  30  11.79 

—107.12 

529.064 

eoo 

258 

13  23.48 

349  18  27,92 

72.00 

353  59  21.49 

—  98.86 

73.093 

TOO 

326 

43     3.34 

350  12  28.68 

66.00 

364  28  39.43 

—  90.64 

217.120 

800 

35 

12  38.20 

351     6  23.44 

60.00 

354  58     5.61 

—  82.40 

361.148 

900 

103 

42  13.06 

352     0  12.20 

54.00 

355  27  40.03 

—  74.16 

505.176 

1000 

172 

11  47.92 

352  53  54.96 

+  48,00 

355  57  22.69 

—  65.92 

49.204 

1100 

240 

41  22.78 

353  47  31.73 

42,00 

356  27  13.59 

—  67.68 

193.232 

1200 

%m 

10  57.64 

354  41     3.48 

36,00 

356  57  12.73 

—  49.44 

337,260 

1300 

17 

40  32.50 

355  34  27.24 

30,00 

357  27  20.11 

—  41.20 

481,288 

1400 

86 

10     7.36 

356  27  46.00 

24.00 

357  57  35.73 

—  32.96 

25,316 

1500J 

154 

39  42.22 

357  20  58.76 

+  18,00 

358  27  59.59 

—  34.72 

169.344 

1500G 

154 

32  39.89 

357  20  57.89 

18.00 

358  27  59.08 

—  24.73 

168.155 

1600 

228 

2  14.75 

358  14     4.65 

12.00 

353  58  31.18 

—  16.48 

312.183 

noo 

291 

31     7.37 

359     7     5.33 

6.00 

359  29  11.47 

—     8.24 

456,092 

IHOO 

0 

0     0.00 

0     0     0.00 

0.00 

0     0     0.00 

0,00 

0.000 

IflOO 

GS 

28  52.63 

0  52  48.67 

—     6.00 

0  30  56.77 

+     8.34 

143.908 

2000 

136 

58  27.49 

1  45  31.43 

—  12.00 

1     2     1.83 

16,48 

287,936 

2100 

205 

27  20.11 

2  38     8.11 

—  18.00 

1  38  15.08 

24.72 

431.845 

2200 

273 

56  12.74 

3  30  38.78 

—  24.00 

2     4  36.57 

+  32.96 

575.755 

TABLE 

II. — Aeouments  foe 

THE  BEGINNING  OP  EACH  POURTH  YeAR  1752—1948. 

Year. 

9 

D 

0 

Arg.  1 

1753 

160 

15 

8.10 

94 

6 

10.48 

72     43 

42.30 

162.101 

1756 

177 

23 

31.10 

94 

8 

17.46 

72     44 

66.25 

335.862 

1760 

194 

31 

54.09 

94 

10 

24.43 

72     46 

10.32 

609.623 

1764 

211 

40 

17.09 

94 

12 

31.39 

73     47 

24.21 

83.384 

1768 

228 

48 

40.08 

94 

14 

38.34 

72     48 

38.20 

257.145 

1772 

345 

57 

3.08 

94 

16 

45,28 

72     49 

52.31 

430.907 

1776 

263 

5 

26.07 

94 

18 

52.23 

72     51 

6.23 

4,668 

1780 

280 

13 

49.06 

94 

20 

59.14 

72     52 

20.27 

178.429 

1784 

397 

22 

12.06 

94 

23 

6.06 

72     53 

34.33 

352.190 

1788 

314 

30 

35.05 

94 

25 

12.96 

72     54 

48,38 

535.951 

1792 

331 

38 

58,05 

94 

27 

19.85 

73     56 

2,46 

99.712 

1796 

348 

47 

21,04 

94 

29 

36.74 

72     57 

16,54 

273.473 

1800 

5 

55 

1.80 

94 

31 

33.53 

72     58 

30.59 

447-115 
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TABLE 

. — Continued. 

Century. 

3 

3 

4 

5 

6 

7 

8 

9 

OJ 

191.528 

299,485 

280 

512 

102 

61 

470.0 

15 

100 

3U.245 

49.520 

64 

250 

563 

124 

410.6 

214 

200 

436.962 

399.555 

449 

589 

424 

188 

351.2 

413 

300 

659.6T9 

149.590 

233 

327 

285 

251 

291.7 

13 

400 

82.396 

499.625 

18 

66 

146 

314 

232.3 

212 

500 

205.113 

249.660 

402 

403 

7 

378 

172.9 

411 

600 

327.830 

599.695 

187 

142 

468 

441 

113.5 

10 

700 

450.54T 

349,730 

571 

480 

329 

504 

54.1 

209 

800 

573.264 

99.765 

356 

218 

190 

567 

594.6 

409 

900 

95.981 

449.800 

140 

556 

51 

31 

535.2 

8 

1000 

218,698 

199.835 

624 

295 

512 

94 

475.8 

207 

1100 

341.415 

549.870 

309 

33 

373 

157 

416.4 

406 

1200 

464.132 

299.905 

93 

371 

234 

221 

357.0 

5 

1300 

586.849 

49.940 

478 

109 

95 

284 

297.5 

205 

1400 

109.566 

399.975 

262 

448 

656 

347 

238.1 

404 

1500J 

232.283 

150.010 

47 

180 

417 

411 

178.6 

3 

1500G 

231.921 

149. 9U 

47 

186 

4U 

410 

178.3 

2 

1600 

354.638 

499,949 

431 

624 

278 

473 

118.8 

201 

1100 

477.319 

249.975 

216 

262 

139 

537 

59.4 

401 

1800 

0.000 

0.000 

0 

0 

0 

0 

0 

0 

1900 

122.681 

350.025 

385 

338 

461 

63 

540.6 

199 

2000 

245.398 

100.060 

169 

76 

;i22 

127 

481.3 

398 

2100 

368.079 

450.086 

554 

415 

183 

190 

421,8 

697 

2200 

490.760 

200.111 

338 

153 

44 

253 

362.3 

196 

TABLE  U.—  Conlinucd.                                                                1 

Year, 

3 

3 

4 

5 

6 

7 

8 

9 

1752 

481.104 

345.855 

133 

348 

229 

213 

331.6 

578 

1756 

534.013 

359.856 

173 

363 

296 

287 

353.3 

58 

1760 

586,921 

373.858 

213 

375 

302 

362 

374.8 

138 

1764 

39.830 

387.859 

251 

389 

429 

436 

896.4 

218 

1768 

92.739 

401.860 

290 

402 

495 

611 

418.1 

298 

1772 

145.647 

415.862 

330 

416 

563 

585 

439.7 

377 

1776 

198,556 

429.863 

369 

429 

28 

60 

461.3 

457 

1780 

251.465 

443.865 

408 

443 

95 

134 

482.9 

537 

1784 

304.373 

457.866 

448 

457 

161 

209 

504.6 

17 

1788 

357.282 

471.868 

487 

470 

227 

2S3 

526.2 

97 

1793 

410.191 

485.869 

527 

484 

294 

358 

547.8 

177 

179G 

463,100 

499.870 

566 

497 

360 

433 

569.4 

257 

1800 

515.972 

513.862 

5 

611 

427 

507 

591.1 

337 
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TABLE  11.— Conliyiued. 

Year. 

9 

6) 

e 

Arg.  1. 

1800 

° 

55 

1.80 

94 

31     33.53 

72 

58 

30.59 

447.115 

1804 

23 

3 

24.80 

94 

33     40.39 

72 

59 

44.71 

20.876 

1808 

40 

11 

47,79 

94 

35     47.25 

73 

0 

58.84 

194.638 

1812 

57 

20 

10.79 

94 

37     54.09 

73 

2 

12.98 

368.399 

1816 

14 

28 

33.78 

94 

40       0.93 

73 

3 

27.13 

542,160 

1820 

91 

36 

56.77 

94 

42       7.76 

73 

4 

41.30 

115.921 

182i 

108 

45 

19.77 

94 

44     14.58 

73 

5 

55.48 

289.683 

1838 

125 

53 

42.76 

94 

46     21.38 

73 

7 

9.67 

463.444 

1832 

143 

3 

5.76 

94 

48     28.18 

73 

S 

23.88 

37.205 

1836 

160 

10 

28.75 

94 

50     34,97 

73 

9 

38.10 

210.966 

1840 

177 

18 

51.75 

94 

52     41.75 

73 

10 

52.33 

384. IST 

1844 

194 

27 

14.74 

94 

54     48.52 

73 

12 

6.58 

558.488 

1848 

211 

35 

37.74 

94 

56     55.28 

73 

13 

20.84 

132.249 

1852 

238 

44 

0.73 

94 

59       2.03 

73 

14 

35.11 

300,010 

1856 

345 

53 

23,7i» 

95 

1       8.77 

73 

15 

49.40 

479.771 

1860 

263 

0 

46.73 

95 

3     15.50 

73 

17 

3.70 

53,532 

isei 

280 

9 

9.71 

95 

5     22.22 

73 

18 

18.01 

227,293 

1S68 

297 

17 

33.71 

95 

7     28.94 

73 

19 

32.34 

401.054 

1812 

314 

25 

55.70 

95 

9     35.64 

73 

20 

46.67 

574.815 

1876 

331 

34 

18.70 

95 

11     42.33 

73 

22 

1.03 

148.576 

1880 

348 

42 

41,69 

95 

13     49.01 

73 

33 

15.39 

323.337 

1884 

5 

51 

4.69 

95 

15     55.69 

73 

24 

29.77 

496.098 

1888 

22 

59 

37.68 

95 

18       2.35 

73 

25 

44.16 

69.860 

1892 

40 

7 

50.68 

95 

20       9.01 

73 

26 

58.57 

243.621 

1896 

57 

16 

13.67 

95 

23     16.66 

73 

28 

12.98 

417.382 

1900 

74 

23 

54.43 

95 

34     22.20 

73 

29 

27,36 

591.024 

1904 

91 

33 

17.43 

95 

26     28.83 

73 

30 

41.81 

164,786 

1908 

108 

40 

40.42 

95 

28     35.44 

73 

31 

56.25 

338.546 

1912 

135 

49 

3.41 

95 

30     42.05 

73 

33 

10.74 

512.307 

1916 

143 

57 

26.41 

95 

32     48.64 

73 

34 

25.22 

86.068 

1920 

160 

5 

49.40 

95 

34     55.23 

73 

35 

39.72 

259.830 

1924 

177 

14 

12.40 

95 

37       1.81 

73 

36 

54,23 

433,591 

1928 

194 

22 

35.39 

95 

39       8.38 

73 

38 

8,75 

7,352 

1932 

211 

30 

58.39 

95 

41     14.94 

73 

39 

23.29 

181.113 

1936 

228 

39 

31.38 

95 

43     21.48 

73 

40 

37.84 

354.874 

1940 

345 

47 

44.38 

95 

45     28.02 

73 

41 

52.40 

528.635 

1944 

362 

56 

7.37 

95 

47     34.55 

73 

43 

6.97 

102.396 

1948 

280 

4 

30.36 

95 

49     41.07 

73 

44 

21.56 

276,158 

^m 

1 

24 

28.007 

10.411 

6.100 

14.2715 

Factor  T 

+0.332 

—.020 

+.027 

—.0012 

i™ 

+  .0007 

—,0001 

+.0001 

0 
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TABLE  U.—Conlinued. 

2 

3 

4 

5 

6 

7 

8 

9 

1800 

515. 9T2 

613.862 

6 

511 

421 

507 

591.1 

337 

1804 

568.881 

627.863 

45 

524 

493 

582 

12.7 

417 

1808 

21.190 

541.865 

84 

538 

560 

56 

34.3 

491 

1812 

U.698 

555.866 

124 

551 

26 

131 

55.9 

511 

1816 

laT.eor 

569.868 

163 

565 

93 

205 

11.5 

51 

1820 

180.516 

583.869 

202 

578 

159 

280 

99,2 

131 

1824 

233.424 

597.870 

242 

592 

225 

354 

120.8 

211 

1828 

286.333 

11.812 

281 

6 

292 

429 

142,4 

291 

1832 

339.242 

26.814 

320 

19 

358 

503 

164.0 

S11 

1S3G 

392.150 

39.815. 

3G0 

33 

425 

518 

185,7 

451 

1840 

445.059 

53.816 

399 

46 

491 

52 

207.3 

5-^1 

1844 

491.968 

61.878 

439 

59 

551 

121 

228-9 

11 

1843 

550.816 

81,819 

478 

13 

24 

201 

250.5 

97 

1852 

3.785 

95.880 

611 

87 

90 

216 

272.1 

177 

1856 

56.694 

109.882 

551 

100 

151 

350 

293.8 

257 

18C0 

109.602 

133.883 

596 

114 

223 

425 

315,4 

331 

18C4 

163.511 

137.885 

35 

127 

290 

499 

331,0 

411 

18G8 

215.420 

151.886 

15 

141 

356 

514 

358.6 

491 

1813 

2C8.328 

165.888 

114 

154 

423 

49 

380,3 

511 

1816 

321.237 

179.889 

153 

168 

489 

123 

401,9 

51 

1880 

374.146 

193.890 

193 

181 

555 

198 

423.5 

137 

1884' 

427.054 

207.892 

232 

195 

22 

212 

446,1 

217 

1888 

479.963 

221,893 

211 

203 

88 

341 

466.1 

297 

1892 

532.872 

235.895 

311 

222 

155 

421 

488,4 

376 

1896 

585.780 

249.896 

350 

235 

221 

496 

610,0 

456 

190O 

38.653 

263.889 

390 

249 

281 

570 

531.6 

536 

1904 

91.562 

211.890 

429 

262 

354 

45 

553.2 

16 

1908 

144.410 

291.891 

468 

2T6 

420 

119 

514,9 

96 

1912 

197.379 

305.893 

608 

290 

481 

194 

696.5 

116 

1916 

250.288 

319.894 

541 

303 

553 

268 

18.1 

256 

1920 

303.197 

333.895 

587 

3)1 

20 

343 

39.1 

336 

1924 

356.105 

341.891 

26 

330 

86 

417 

61.4 

416 

1928 

409.014 

361.898 

65 

344 

152 

492 

83,0 

496 

1932 

461.923 

315.900 

105 

357 

219 

666 

104.6 

676 

1936 

514.831 

389.901 

144 

371 

285 

41 

126.2 

56 

1940 

561.140 

403.902 

184 

384 

353 

116 

141.8 

136 

1944 

20.649 

417.904 

223 

398 

418 

190 

169.5 

216 

1948 

73.557 

431,905 

262 

411 

486 

265 

191. 1 

296 

4.3457 

1.1500 

3.2 

1.1 

5.4 

6.1 

1.78 

6.6 

—  .0001 

+  .0002 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

27      June.  1873. 


Hosted  by 


Google 


THE    ORBIT    OF   URANUS 


TABLE  I II. —-Reduction  of  the  Epochs  and  Aequments  to  the  beginning  of  each  Month 
IN  A  Cycle  of  rouit  teaks. 


Year  0 

Jan  nary  0 

February  0 

March  0 

April  0 

May  0 

June  0 

July  0 

August  0 

September  0 

October  0 

November  0 

December  0 

Tear  1 

Jauuary  0 

February  0 

March  0 

April  0 

May  0 

June  0 

July  0 

Angast  0 

September  0 

October  0 

November  0 

December  0 

Year  2 

January  0 

February  0 

March  0 

April  0 

May  0 

June  0 

July  0 

August  0 

September  0 

October  0 


0  0  0.00 

0  31  49. 3i 

0  42  li.OO 

1  4  3.24 


December 

ti 

Years 

January 

11 

February 

0 

March 

0 

April 

0 

May 

0 

June 

11 

July 

U 

August 

U 

September 

0 

October 

II 

November 

II 

December 

0 

25  10,24 

46  59.48 
8   6.48 

29  65.11 

51  44.95 

12  51.95 

34  41.19 

55  43.19 

11  31.43 
39  21). 66 
59  9.19 
20  68.43 
43   6.43 

3  54.61 
25   1.61 

46  50.90 

8  40.14 

29  41.14 

51  36.38 

12  43.38 


8  56  21.85 


9  59  0.62 

10  20  49.86 
II)  41  56.86 

11  3  46.09 
11  35  35.33 

11  46  43.33 

12  8  31.51 


13  51  31.80 

13  13  11.04 

13  32  59.51 

13  54  48.81 

14  15  55.81 
14  31  45.05 


16  25  36.16 
16  46  33.16 


0  0  0.00 

0  0  2.69 

0  0  5.21 

0  0  1.89 

0  0  10.50 


0  0  31.15 

0  0  34.44 

0  0  36.81 

0  0  39.56 

0  0  42.16 

0  0  44.85 

0  0  41.46 

0  0  50.14 

0  0  53.83 

0  0  55.44 

0  0  58.13 

0  1  0.13 


0     1 


3.43 

0  1  6.11 

0  1  8.54 

0  1  11.23 

0  1  13.83 

0  1  16.62 

0  1  19.12 

0  1  31.81 

0  1  24.50 

0  1  21.10 

0  1  29.19 

0  1  ^2.40 

0  1  35.08 

0  1  31.11 

0  1  40.20 

0  1  42.89 

0  1  45.60 

0  1  48.18 

0  I  60.19 

0  1  53.48 

0  1  56.11 

0  1  58.11 

0  2  1.46 

0  3  4.06 


0  0  0.00 

0  0  1.58 

0  0  3.05 

0  0  4.63 

0  0  6,15 

0  0  1.1?, 

0  0  9.25 

0  0  10.83 

0  0  13.40 

0  0  13.93 

0  0  15.51 

0  0  11.03 

0  0  18.61 

0  0  20.18 

0  0  21.81 

0  0  23.18 

0  0  24.11 


0  0  32.48 
0  0  34,06 
0     0     35.69 


0  0  40.16 
0  0  41.14 
0     0     43.26 


0     0     55,12 

0     0     51.39 

0     0     58.12 

0     1       0.29 

0     1       1.82 

3.40 

4.92 

6.50 

1       8.01 

1       9.60 

1     11.11 

1     12.10 


0 


0.000 
3.681 
1.136 
10.823 
14.391 
18.018 
21.641 
25.333 
29.019 
32.587 
36.214 
39.842 

43.529 
41.316 
50.546 
54.233 
51.801 
61.488 
65.056 
68.142 
12.429 
15.991 
19.684 
83.253 

86.939 
90.626 
93.956 
91.643 
101.211 
104.898 
108.466 
112.153 
115.840 
119.401 
123.094 
126.662 

130.349 
134.036 
131.366 
141.053 

144.621 
148.308 
151.816 
155.563 
159.349 
162.811 
166.504 
110.012 
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TABLE  III 

—  Contin 

ued. 

2 

3 

4 

5 

6 

7 

8 

9 

YearO 

January       0 

0.000 

0.000 

0 

0 

0 

0 

0.0 

0 

Fiibruai?    0 

1.123 

0.297 

1 

0 

1 

1 

0.5 

2 

March         0 

2.209 

0.575 

2 

1 

3 

3 

0.9 

3 

April  _          0 

3.259 

0.872 

2 

1 

4 

4 

1.3 

5 

May  '          0 

4.382 

1.159 

3 

1 

5 

6 

1,8 

7 

J  una             0 

5,505 

1.457 

4 

1 

7 

7 

2.3 

8 

July             0 

6.591 

1.745 

5 

2 

8 

9 

2.7 

10 

August        0 

7.714 

2.042 

6 

2 

10 

10 

3.1 

12 

September  0 

■  8.837 

2,339 

7 

2 

11 

12 

3.6 

13 

October      0 

9.923 

2.626 

7 

3 

12 

J4 

4.0 

15 

November   0 

11.046 

2.923 

3 

14 

15 

4.5 

17 

Deueuiber   0 

12.132 

3.211 

9 

3 

15 

17 

4.9 

la 

y«arl 

January       0 

13.254 

3.508 

10 

3 

17 

19 

5.4 

20 

February     0 

14.3n 

3.805 

U 

4 

18 

20 

5,9 

22 

March          0 

15.391 

4.073 

11 

4 

19 

22" 

6.3 

23 

April            0 

16.514 

4.310 

12 

4 

21 

2a 

6.7 

25 

May            0 

17.600 

4.658 

13 

4 

22 

25 

7,2 

27 

Juue             0 

18.723 

4.955 

14 

5 

24 

27 

7.6 

28 

July             0 

19.809 

6.242 

15 

5 

25 

28 

8.1 

30 

August        0 

20.932 

5,539 

15 

5 

26 

30 

8.5 

32 

September  0 

22.054 

5.836 

16 

6 

28 

31 

9.0 

33 

October       0 

23.140 

6.124 

17 

6 

29 

33 

9.4 

35 

November    0 

24.263 

6.421 

18 

6 

30 

34 

9.9 

37 

December    0 

25.349 

6.709 

19 

6 

32 

30 

10.3 

38 

Year  2 

January       0 

26.473 

7.006 

SO 

7 

S3 

37 

10.8 

40 

February     0 

27.5y5 

7.303 

20 

7 

34 

39 

11.3 

42 

March          0 

28.609 

7.571 

21 

7 

36 

40 

11.7 

43 

April            0 

29.732 

7.868 

22 

7 

37 

42 

12.1 

45 

May            0 

30.818 

8.156 

23 

8 

38 

44 

12.6 

47 

June            0 

31,941 

8,453 

24 

8 

AH 

45 

13.0 

48 

July             0 

33,027 

8,741 

25 

8 

41 

47 

13.5 

50 

August        0 

34,150 

9.038 

25 

9 

43 

48 

13.9 

52 

September  0 

35.212 

9.335 

26 

9 

44 

50 

14,4 

53 

October       0 

36,358 

9.622 

27 

9 

45 

51 

14.8 

55 

November  0 

37.i81 

9.919 

28 

9 

47 

53 

15,3 

57 

December    0 

38.567 

10.207 

29 

10 

48 

55 

15.7 

58 

Years 

January       0 

39.690 

10.504 

30 

10 

50 

5fi 

16.2 

60 

Februaiy     0 

40.813 

10.801 

30 

10 

51 

58 

16.7 

62 

March         0 

41,827 

11,070 

31 

11 

59 

17,1 

03 

April            0 

42,950 

11.367 

32 

11 

54 

61 

17.5 

65 

May             0 

44.036 

11.654 

33 

11 

55 

63 

18.0 

67 

June           0 

45.159 

11.951 

34 

11 

57 

64 

18.4 

68 

July            0 

46.245 

12.239 

35 

12 

58 

05 

18.9 

70 

August        0 

47.368 

12.536 

35 

12 

59 

67 

19.3 

72 

September  0 

48.490 

12,833 

36 

12 

61 

63 

19,8 

73 

October       0 

49.576 

13.121 

37 

12 

62 

70 

20.2 

75 

November  0 

50.699 

13,418 

38 

13 

64 

72 

20.7 

77 

December   0 

51.785 

13.705 

39 

13 

65 

73 

21.1 

78 
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TABLE  IV,— 

Motion  of  Arouments  fob  Days. 

Daj.. 

& 

o 

B 

1 

2 

3 

4 

5 

6 

7  1   8 

9 

1 

0  42^23 

0.09 

o'o5 

0.119 

0.036 

0.010 

0 

0 

0 

0 

0 

0 

2 

1  24.41 

0.17 

0.10 

0  238 

0.072 

0.019 

0 

0 

0 

0 

0 

0 

3 

2     fi.TO 

0.26 

0.15 

0.357 

0.109 

0.029 

0 

0 

0 

0 

0 

0 

4 

2  48.93 

0.35 

0.20 

0.476 

0.145 

0.039 

0 

0 

0 

0 

0.1 

0 

5 

3  31.lt 

0.43 

0.25 

0.595 

0.181 

0.048 

0 

0 

0 

0 

0.1 

0 

6 

4  13.40 

0.52 

0.30 

0.114 

0.217 

0.058 

0 

0 

0 

0 

0.1 

0 

1 

4  55.63 

0.61 

0.36 

0,833 

0.253 

0.067 

0 

0 

0 

0 

0.1 

0 

8 

5  37.87 

0.69 

0.41 

0.951 

0.290 

0.077 

0 

0 

0 

0 

0.1 

0 

9 

6  20.10 

0.78 

0.46 

1.070 

0.326 

0.086 

0 

0 

0 

0 

0.1 

0 

10 

7     2.33 

0.87 

0.51 

1.189 

0.362 

0.096 

0 

0 

0.1 

11 

7  44.57 

0.95 

0.56 

1.308 

0.398 

0.105 

0 

0 

1 

0.2 

12 

8  26.80 

1.04 

0.61 

1.427 

0.434 

0.115 

0 

0 

1 

0.2 

13 

9     9.03 

1.13 

0.66 

1.546 

0.471 

0.125 

0 

0 

0.2 

14 

9  61.27 

1.21 

0.71 

1.665 

0.507 

0.134 

0 

0 

0.2 

16 

10  33.50 

1.30 

0.T6 

1.784 

0.543 

0.144 

0 

0 

0.2 

16 

11  15.73 

1.39 

0.81 

1.903 

0.679 

0.153 

0 

0 

0.2 

n 

11  57.97 

1,4T 

0.86 

2.022 

0.616 

0.163 

0 

0 

0.2 

18 

12  40.20 

1.56 

0.91 

2.141 

0.652 

0.173 

0 

0.3 

19 

13  22.43 

1.66 

0.97 

2.260 

0.182 

0 

1  10.3 

20 

U     4.67 

1.74 

1.02 

2.378 

0.724 

0.192 

0 

0.3 

21 

14  46.90 

1.82 

1.07 

2.497 

0,160 

0.201 

0 

0.3 

22 

15  29.14 

1.91 

1.12 

2.616 

0.797 

0,211 

0 

0.3 

23 

16   11.37 

2.00 

1.17 

2.735 

0,833 

0.220 

0 

0.3 

U 

16  53.60 

2.08 

1.22 

2.854 

0.869 

0.230 

0 

0,3 

26 

17  35.84 

2.17 

1.27 

2.973 

0.905 

0.240 

0 

0.4 

26 

18  18.07 

2.26 

1.32 

3.092 

0,941 

0.249 

0 

0.4 

21 

19     0.30 

3.34 

1.37 

3.211 

0.978 

0.259 

0 

0.4 

28 

19  42.54. 

2.43 

1.42 

3.330 

1.014 

0.268 

0 

0.4 

29 

20  24,n 

2.52 

1.47 

3.449 

1.050 

0.278 

0 

0.4 

30 

21    "r.oo 

2.60 

1.53 

3.568 

1.086 

0.288 

0 

0.4 

31 

21  49. 2i 

2.69 

1.57 

3.687 

1.123 

0.297 

0 

0.5 

TABLE  v.— Motion  of  g  for  Hours.  ,                                                  | 

Hoars. 

ff 

Honre. 

^ 

Hours. 

ff 

Hours. 

ff 

„ 

„ 

„ 

0 

0.00 

6 

10.56 

12 

21.12 

18 

31.67 

1 

1.76 

7 

12.32 

13 

22.88 

19 

33.43 

3 

3.53 

8 

14.08 

14 

24.64 

20 

35.19 

3 

5.2H 

9 

15.84 

15 

26.40 

21 

86.95 

4 

7,04 

10 

n,60 

16 

28.16 

22 

38.71 

5 

8.S0 

11 

19,36 

17 

29.92 

23 

40.41 

6 

10.56 

12 

21.12 

18 

31.61 

24 

42.23 

The  period  of  arguments  I  to  9  is  600. 

In  January  and  February  of  those  years  which,  though  divisible  by  4,  are  not 
leap  years,  namely,  1700,  1800,  1900,  2100,  etc.,  Table  IV  must  be  entered  with 
a  number  1  greater  than  the  real  day  of  the  month. 
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TABLE 

VI.— C 

uRRECTioNs  OF  Arguments  for  Terms 

3F  LONU 

'f.riod. 

Year. 

9 

1 

2 

3 

Year. 

9 

1 

2 

3 

1000 

+36  51.00 

—0.614 

—1.024 

+1,792 

1550 

+5     9.73 

—0.200 

—0,144 

+0,252 

1010 

30     6.49 

0.621 

1.003 

1.756 

1500 

4  49.70 

0.153 

0,134 

0.236 

1020 

35  22.14 

0.629 

0.983 

1.720 

1570 

4  30.32 

0.106 

0,125 

0.219 

1030 

34  37.97 

0.638 

0.902 

1,684 

1580 

4  11.57 

0,060 

0.117 

0,205 

1040 

33  54.00 

0.648 

0,942 

1.649 

1590 

3  53,48 

—0.013 

0.108 

0,189 

1050 

+33  10.25 

—0.659 

—0.922 

+1,614 

1600 

+3  36.03 

+0,034 

—0.100 

+0,175 

1060 

32  26.71 

0.672 

0.902 

1,579 

1610 

3  19.26 

0,078 

0.092 

0.161 

1070 

31  43.41 

0,686 

0.882 

1.544 

1620 

3     3,14 

0.120 

0.085 

0,148 

1080 

31     0,31 

0.702 

0.862 

1.509 

1630 

2  47.69 

0.162 

0.078 

0.135 

1090 

30  17.61 

0.718 

0.842 

1,474 

1640 

2  32,89 

0,203 

0,071 

0.123 

1100 

+29  35.15 

—0,735 

—0.822 

+  1,439 

1650 

+2  18,YY 

+0,242 

—0,064 

+0.112 

1110 

28  63.01 

0,752 

0,803 

1.405 

1000 

2     5.32 

0,278 

0.068 

0,101 

1120 

28  11.20 

0.770 

0.783 

1.370 

lOTO 

1  52.55 

0.312 

0.052 

0,091 

1130 

27  29.11 

0.790 

0.TG4 

1.337 

1680 

1  40.46 

0,345 

0.046 

0,081 

lUO- 

26  48.56 

0.809 

0.745 

1.304 

1690- 

1  29.05 

0,375 

0.041 

0.072 

1150 

+26     7.74 

—0,829 

-0.T26 

+1.270 

1700 

+1   18,33 

+0,403 

— O.O30 

+."«! 

IICO 

25  27.27 

0.848 

0.707 

1.237 

1710 

1     8.28 

0.429 

0.031 

IITO 

24  47.16 

0.866 

0.689 

1.206 

1720 

0  58.92 

0,452 

0.027 

0,046 

1180 

24     7.42 

0.883 

0.670 

1.172 

1730 

0  50.24 

0,473 

0.023 

0,039 

1190 

23  28.06 

0.899 

0.652 

1.141 

1740 

0  42.26 

0.489 

0,019 

0.032 

1200 

+22  49.09 

—0.914 

—0.034 

+  1.110 

1750 

+0  34.96 

+0,503 

—0.015 

+0,026 

1210 

22  10.51 

0.927 

0,616 

1.07^ 

17C0 

0  28. 3G 

0,514 

0.013 

0.021 

1220 

21  32.34 

0.939 

0,598 

1.046 

1770 

0  22,44 

0.523 

0.009 

0.017 

1230 

20  54.57 

0.950 

0.581 

1.017 

1780 

0  17,22 

0.527 

0.007 

0,013 

1240 

20  17.23 

0.960 

0.564 

0.986 

1790 

+0  12,08 

0.529 

0.005 

0,010 

1250 

+19  40.31 

-0.967 

—0,547 

+0.957 

1800 

+8''8-l       ,^ 

+0,528 

— O.O04 

+0,007 

1260 

19     3.83 

0,972 

0,530 

0.928 

1801 

8.49-35 

0.528 

0.004 

0.007 

1270 

18  27.80 

0.975 

0,513 

0.898 

1802 

8.15     -34 

0.528 

0.004 

0.007 

1280 

17  52.21 

0,977 

0.497 

0.870 

1803 

7.82     -33 

0.527 

0.004 

0.007 

1290 

17   17.09 

0.977 

0,481 

0.842 

1804 

7.50     -3^ 

0.527 

0.004 

0,007 

1300 

+10  42.43 

^0.974 

-0,465 

+0,814 

1805 

+0.597 

—0.003 

+0.000 

1310 

16     8.25 

0,967 

0.449 

0.786 

1806 

6.87—31 

0.526 

0,003 

0,000 

1320 

15  34.55 

0.959 

0,433 

0,758 

1807 

6,57     -3° 

0.526 

0,003 

0.006 

1330 

15     1.34 

0.948 

0.417 

0,730 

1808 

6.27     '3° 

0.525 

0.003 

0.006 

13i0 

14  28.63 

0.936 

0.402 

0.704 

1809 

5.98     -11 

+5.69 
5.41-^8 

0.635 

0.003 

0,006 

1350 

+13  56.44 

—0.921 

-0,387 

+0,677 

1810 

+0.524 

—0.003 

+0.005 

1360 

13  24.76 

0.903 

0.372 

0.051 

1811 

0.523 

0.003 

0,005 

1310 

12  53.61 

0.883 

0.358 

0.626 

1812 

4,88     -^l 
4.63     -f 

0.523 

0,003 

0.006 

1380 

12  22.99 

0,861 

0.344 

0.602 

1813 

0.522 

0,003 

0.005 

1390 

11  52.90 

0,837 

0.330 

0.578 

1814 

0.522 

0.002 

0.005 

UOO 

+  11   23.35 

—0,810 

-o.sn 

+0.555 

1815 

+^■3^     ',, 

+  0  521 

—0,002 

+0.004 

1410 

10  54.35 

0.780 

0.303 

0.530 

1816 

i.n-l] 

0.520 

0.002 

0,004 

U30 

10  25.92 

(1.748 

0.290 

0.508 

1817 

3.89     ■I't 

0.520 

0.002 

0.004 

1430 

9  58.04 

0.714 

0.277 

0.485 

1818 

3,66     -"3 

0.519 

0.002 

0.004 

1440 

9  30.74 

0.678 

0.264 

0.462 

1819 

3,44     'W 

0.518 

0.002 

0.004 

1450 

+  9     4.01 

-0.641 

—0,252 

+0.441 

1820 

+3,23 

+0,517 

—0.002 

+  0.003 

1460 

8  37.88 

0.601 

0.240 

0.420 

1821 

3,02     ■" 

0.516 

0.002 

0,003 

H70 

8  12.34 

0.560 

0,328 

0.399 

1822 

2,82     -^^ 

0.515 

0.002 

0.003 

1480 

7  47.39 

0.5)8 

0.216 

0,378 

1823 

2,63     -^9 

0.514 

0.002 

0.003 

1490 

7  23,04 

0.475 

0,205 

0.359 

1824 

2,44     -^9 

0,613 

0.002 

0.003 

1500 

+  6  59.29- 

—0,431 

—0,194 

+0.340 

1825 

+2.26     ■' 

+0.512 

—0.001 

+0.002 

1510 

6  30.14 

0.386 

0.183 

0.322 

1826 

2.09  —  ^' 

0.511 

0,001 

0,002 

1520 

6   13,61 

0.340 

0.173 

0.303 

1827 

1.92     'll 
1.76     -W 

0,510 

0,001 

0.002 

1530 

5  5i.r.y 

0.293 

0,162 

0,284 

1828 

0.509 

0,001 

0.002 

1540 

+  5  30,40 

—0.247 

—0,153 

+0.268 

1829 

+^-^^-:ls 

—0.508 

—0,001 

+0,002 
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TABLE  Yl.^Continued. 


1835 
1836 
1837 


1845 
1846 
1847 
1848 
1849 

1850 
1851 
1852 
1853 
1854 
1855 
1856 
1857 
1858 


1865 
186fi 
1867 
1868 
1809 
1770 
1871 
1873 
1873 
1874 

1875 
1876 
187T 
1878 
1879 
1880 
1881 
1882 


+  1.46 
1.32~ 
1.19 
1.07 
0.95 

-fO.84 
0.74~ 
0.64 
0,55 
0.47 

+0.39 
0.33' 
0.26 
0.20 
0.15 

+0.11 
0.07" 
0.04 
0.02 
0.00 


0.00 

0.00 

-- 

0.00 

+0.01"'" 

0.03 

oi 

+0.06  , 
0,10  + 

04 

0.14 
0.19 

°S 

0.24 

+0.30 
0.37  + 
0,45 
0.53 
0.63 

+o.n  , 

0.81  + 
0.92 
1.04 
1.16 
+1.29 
1.43"^ 
1.57 
1.73 


3.57 

+3.76 

+3.96 

3.16  + 

3.37 

3.59 

+3.82 


+0.507 

—0,001 

0.506 

0, 

)01 

0.505 

0, 

Mil 

0.603 

0 

101 

0.502 

0 

001 

+0.501 

0 

0.500 

0 

0.498 

0 

0.497 

0 

0.495 

0 

+0.494 

0 

0.493 

0 

0.491 

0 

0.490 

0 

0.488 

0 

+0.487 

0 

0.485 

0 

0.483 

0 

0.482 

0 

0.4B1 

0 

+0.479 

0 

0.477 

0 

0.476 

0 

0.474 

0 

0.472 

0 

+0.471 

0 

0.469 

0 

0.467 

0 

0.465 

0 

0.463 

0 

+0.461 

0 

0.459 

0 

0.457 

0 

0.455 

0 

0.453 

0 

+0.451 

0 

0.449 

0 

0.446 

0 

0.444 

—0.001 

0,442 

0 

001 

+0.440 

— 0 

om 

0.438 

< 

OOI 

0.436 

t 

001 

0,433 

1 

(101 

0,431 

0 

001 

+0,429 

— 0 

001 

0,426 

< 

(KM 

0.434 

( 

001 

0,432 

( 

001 

+0.419 

— 0 

001 

+0.417 

— n 

003 

0.414 

( 

00'^ 

0.413 

1 

002 

0.409 

( 

IH)3 

+0.407 

— 0 

003 

+0.003 
0.002 
0,002 
0,003 
0.002 

+0.001 
0.001 
0.001 
0.001 
0 


+0 
0 
0 
0 

0 

+0 
0 
0 
0 
0 

+0 
0 
0 
0 

+0 

+0 

0 

0 

+0 

1890 
1891 
1892 
1893 
1894 

1895 
1896 
1897 
1898 
1899 
1900 
1901 
1003 
1003 
1904 

1905 
1906 
1907 
1908 
1909 

1910 
1930 
1930 
1940 
1950 

leco 

1970 
1980 
1990 
2000 
2010 
2020 
2030 
2040 
2050 

20G0 
2070 
3080 
3090 
2100 


+*06 .    , 
4.30  + 
4.54 

4,79     '^ 
6,05     'l 

+5-32,' 
5.59+' 
6.87 
6.16     '^ 
6.45     '^ 

7,06+-3 

7,37     "^ 


9.75 
+10,12 
10.50^ 
10,88 
11.37 
11.67 


.40 


+0  12.07 

0  16,47 

0  21,55 

0  27,30 

0  33,71 

+0  40.79 
0  48.53 

0  56.93 

1  5.93 
1  15.68 

+1   36.03 
1  37.03 

1  48.67 

2  0,94 

2  13.85 
+3  27.38 

3  41.63 

2  66,39 

3  11,65 

3  27.61 

+3  44.17 

4  1.32 
4  19.07 
4  37.40 

4  56.31 

+5  15,74 

5  36.72 

5  56,34 

6  17,39 
+6  38,88 


+0,404 
0.402 
0.399 
0,397 
0.394 

+0.391 
0,388 
0,336 
0,383 
0.380 

+0.377 
0,374 
0,373 
0.369 
0.306 

+0.363 
0.3G0 
0.867 
0.353 
0.350 

+0.347 
0.344 
0.340 
0.337 
0,334 

-0,331 
0.298 
0.264 
0,339 
0.193 

+0,155 
0.115 
0,074 
0,033 
+0.010 
—0,053 
0.096 
0.140 
0,183 
0,226 

-0,268 
0,309 
0.349 
0.388 
0.427 

-0,464 
0.499 
0,532 
0.563 
0.593 

-0,620 
0.645 
0.668 
0.689 

-0.709 


-0-002 
0,002 
0,003 


+0.003 
0.004 
0.004 


0.002 
0.003 

0.004 

-0,003 

+0.004 

0,003 

0.005 

0.003 

0,005 

0.003 

0.005 

0.003 

0.005 

-0,003 

+0.006 

0,003 

0.006 

0.004 

0.006 

0.004 

0.006 

0.004 

0.007 

-0.004 

+0.007 

0.004 

0.007 

0.004 

0.008 

0.005 

0.008 

0.005 

0.008 

-0.006 

+0,009 

0.005 

0,009 

0,005 

0.010 

0.096 

0.010 

0.006 

9.010 

-0.006 

+0.010 

0,008 

0.013 

0,010 

0,017 

0.012 

0-021 

0.015 

0,026 

-0.018 

+0.032 

0,032 

0,039 

0.036 

0.046 

0.030 

0.053 

0,035 

0.061 

-0,040 

+0.069 

0,045 

0,078 

0.060 

0,088 

0.056 

0.098 

0.062 

0.108 

-0,068 

+0.119 

0,075 

0.130 

0,082 

0.142 

0,089 

0.165 

6.096 

0.168 

-0,104 

+  0.182 

0.113 

0.196 

0.120 

0.2iO 

0.128 

0.225 

0.137 

0.340 

-0.146 

+0,256 

0,166 

.0.373 

0,165 

0,389 

0.175 

0.306 

-0.184 

+0,333 
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TABLE  VII 

—Equation  of  Centre  a 

MD  Principal  Teem  of  Log.  r 

ff 

^ 

Log.  t 

0 

E 

Log. 

>r 

1.26 

0    ,      1, 

/' 

1.26 

0° 

0     0  00.00 

59.81 
59.81 
59.80 
59.81 

18915 

360" 

10' 

0  59  26.71 

58.70 
58.67 
58.63 
58-59 
58.55 
58-52 
58.48 
58-43 
58.40 
58.36 
58.32 
58.27 

23483 

350' 

10' 

0     0  59.81 

18916 

^ 

50' 

10' 

1     0  25.41 

23608 

120 

50' 

20 

0     1  59,62 

18919 

3 

40 

20 

I     1  34.08 

22739 

121 

40 

30 

0     2  59.42 

18924 

5 

30 

30 

1     2  22.71 

22852 

123 

30 

40 

0     3  59.23 

18931 

7 

20 

40 

1     3  21.30 

23977 

125 

20 

50 

0     4  59.03 

59.80 
59.79 

18940 

9 

10 

50 

1     4  19.85 

23104 

127 

10 

1° 

0     5  58.82 

18951 

359° 

11° 

1     5  18.37 

33234 

349° 

10' 

0     6  58.(51 

59-79 
59-78 

18964 

•3 

50' 

10' 

1     6  16.85 

23365 

'3' 

60' 

20 

0     1  58.39 

18979 

15 

40 

20 

1     7  15.38 

23498 

^Z'i 

40 

30 

0     8  58.18 

59-79 
5978 
59-78 
59-77 

18996 

17 

30 

30 

1     8  13.68 

23633 

135 
137 

30 

40 

0     9  51.96 

19015 

19 

20 

40 

1     9  12.04 

23770 

20 

50 

0  10  57.T4 

19036 

23 

10 

50 

1  10  10.36 

33909 

139 
142 

10 

2= 

0  11  57.51 

19059 

358" 

12' 

1   11     8.63 

58.23 
58.18 
58.14 

24051 

143 
145 
146 
148 

348° 

10' 

0  12  57,27 

59- 76 

19084 

25 

50' 

10' 

1   13     6.86 

24194 

50' 

20 

0  13  57.02 

59-75 

19111 

27 

40 

20 

1   13     5.04 

24339 

40 

30 

0  14  56.76 

59-74 

19140 

29 

30 

30 

1   U     3,18 

34485 

30 

40 

0  15  56,49 

59-73 

19171 

31 

30 

40 

1   15     1,28 

24633 

20 

50 

0  10  50.22 

59-73 
59-71 

19204 

33 
34 

10 

50 

1   15  59.33 

24784 

151 
^53 

10 

3' 

0  17  55.93 

19238 

357° 

13° 

1   16  57.33 

57.96 

24937 

154 
156 
158 

347° 

10' 

0  18  55.63 

59-70 

19275 

37 

50' 

10' 

1    17  55.29 

25091 

50' 

20 

0  19  55.33 

59-70 
59.68 
59-67 
59.66 
59.64 

59-63 
59.61 

19314 

39 

40 

20 

1  18  53.20 

57.91 
57-86 
57.81 
57-76 
57.72 

25247 

40 

30 

0  30  55.01 

19355 

41 

30 

30 

1   19  51.06 

25405 

161 

30 

40 

0  21  54.68 

19397 

42 

20 

40 

1  20  48.87 

25566 

162 

20 

50 

0  32  54.34 

19443 

45 
47 

10 

50 

1  31  46.63 

25728 

164 

10 

4= 

0  23  53.98 

19489 

356° 

14° 

1   33  44.35 

57.66 
57-62 
57-56 

25893 

165 
168 

346° 

10' 

0  24  53.61 

19538 

49 

50' 

10' 

1  23  43.01 

36057 

50' 

20 

0  25  53.22 

19589 

51 

40 

20 

1  24  39.63 

26225 

40 

30 

0  26  52.81 

59-59 
59-58 
59-5'' 
59-54 

19643 

53 

30 

30 

1  25  37.19 

26395 

170 

30 

40 

0  27  52.39 

19697 

55 

20 

40 

1  26  34.70 

57.51 
57.46 
57-41 

26506 

171 
174 
176 

20 

50 

0  28  51.95 

19754 

57 
58 
60 
62 

10 

50 

1  27  32.16 

26740 

10 

5= 

0  29  51.49 

19812 

355' 

15° 

1  28  29.57 

36916 

180 
183 
185 
188 

345° 

10' 

0  30  51.01 

59-52 

19873 

50' 

10' 

1  29  26.92 

57-35 

27093 

50' 

20 

0  31  50.52 

59-51 

19934 

40 

20 

1   30  24.33 

57-30 

37271 

40 

ao 

0  33  50.01 

59-49 

19999 

65 
66 
69 

30 

30 

1  31   31.47 

57.25 

37451 

30 

40 

0  33  49.43 

59-47 

20065 

20 

40 

1  33  18.67 

57.20 

37634 

20 

50 

0  34  48.93 

59-45 
59-43 

20134 

10 

50 

1  33  15.80 

57-13 
57.08 

27819 

10 

6' 
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194 

41 

235 

88.65 

9 

93 

6 

80 

0,35 

0.30 

327 

194 

40 

236 

88.22-° 

43 

9 

94 

6 

79 

0,35 

0.30 

820 

193 

39 

237 

87.78  ° 

44 

9 

94 

6 

78 

0.35 

0.30 

312 

192 

38 

238 

87.34  ° 

44 

9 

95 

6 

76 

0.35 

0.30 

305 

192 

38 

239 

86.89  ° 

45 

9 

95 

6 

74 

0.36 

0,30 

298 

191 

37 

241) 

86.44 

9 

96 

« 

73 

0.36 

0.31 

391 

191 

36 
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TABLE  VIII,  Aro.  l.—ConUnued.                                                      1 

Arg. 

(u.r.O)        Diff. 

{>;...  1) 

(....1) 

(v.H.2) 

(u.c.2) 

(p.c.H) 

(,,.,.!) 

(,..c.l) 

240 

86.44 

9.96 

6.73 

0,36 

0.31 

291 

191 

35 

241 

85.99~° 

46 

45 

9.95 

6.71 

0.36 

0.31 

284 

190 

35 

242 

85.53     ° 

9.96 

6,69 

0.36 

0  31 

278 

190 

35 

243 

85.08     ° 

9.97 

fi.67 

0.36 

0.31 

271 

189 

34 

244 

84.61     ° 

47 
46 

9.97 

6.66 

0.37 

0.31 

265 

189 

33 

245 

84.15 

9.97 

6.64 

0.37 

0.31 

258 

188 

33 

24G 

83.68  ~° 

47 

9.97 

6.61 

0.37 

0.31 

252 

188 

33 

24T 

83,21     ° 

47 
48 
48 
48 

9.98 

6,59 

0.37 

0.31 

246 

187 

31 

248 

82.73     ° 

9.98 

6.57 

0.37 

0.31 

240 

187 

31 

249 

82.25     ° 

9.98 

6.55 

0.37 

0.31 

234 

186 

30 

250 

81.77 

9.98 

6.53 

0.37 

0,31 

228 

186 

29 

251 

81.28-^° 

49 
48 

9.98 

6,51 

0.38 

0,31 

222 

185 

29 

252 

80.80     ° 

9.98 

6,48 

0.38 

0,31 

216 

185 

28 

253 

80.30     ° 

50 

9.97 

6,46 

0.38 

0,31 

211 

184 

28 

254 

79.81     ° 

49 

9.97 

G,43 

0.38 

0.31 

205 

184 

27 

255 

79.31 

9.97 

6.40 

0,38 

0.31 

200 

183 

27 

256 

78.82—° 

49 

9.97 

6.37 

0,38 

0.30 

195 

183 

26 

257 

78.31     ° 

51 

9.96 

6.34 

0.38 

0.30 

190 

183 

26 

258 

77.81     ° 

$° 

9.96 

6.31 

0,38 

0.30 

184 

182 

25 

25  a 

77.30     ° 

51 

9.96 

6.28 

0.38 

0.30 

179 

181 

25 

260 

76.79 

9.95 

G.25 

0,38 

0.30 

175 

181 

24 

201 

76.28-° 

SI 

9.95 

6.22 

0,38 

0.30 

170 

180 

24 

262 

75.77     ° 

51 

9.95 

6.19 

0.38 

0.30 

165 

180 

24 

263 

75.25     ■= 

52 

9,94 

6.16 

0,38 

0.30 

161 

179 

23 

264 

74.73     ° 

52 
52 

9.94 

6.13 

0.38 

0,30 

156 

179 

23 

265 

74.21 

9.93 

CIO 

0.38 

0.30 

152 

178 

23 

266 

73.69-° 

52 

9.93 

6.06 

0,38 

0.30 

148 

173 

22 

261 

73.16     ° 

53 

9,92 

6.03 

0.38 

0.30 

144 

177 

22 

268 

72.64     ° 

52 

9,92 

5.99 

0,38 

0.30 

140 

177 

21 

269 

72.11     ° 

53 

54 

9.91 

5.96 

0.38 

0.30 

137 

176 

21 

2T0 

71.57 

9.90 

5.92 

0,39 

0.30 

133 

176 

21 

271 

71.04-° 

53 

9,90 

5.88 

0,39 

0.30 

129 

175 

20 

272 

70.51     ° 

53 

9.89 

5,85 

0,39 

0.30 

120 

175 

20 

2t3 

69.97     ° 

54 

9.88 

5,81 

0.39 

0.30 

122 

174 

20 

274 

69.43     ° 

54 
54 

9.88 

5.77 

0.39 

0.30 

119 

174 

20 

275 

68.89 

9.87 

5,73 

0,39 

0.30 

116 

174 

20 

276 

68.35-° 

54 

6,69 

0,39 

0.29 

113 

173 

19 

277 

67.81     ° 

S4 

9,85 

5.65 

0,39 

0.29 

110 

172 

19 

278 

67.26     ° 

55 

9.84 

5.61 

0.39 

0.39 

107 

172 

19 

279 

66.72     ° 

54 
55 

9.84 

5,57 

0.39 

0.29 

105 

171 

19 

280 

66.17 

9.83 

5.52 

0.39 

0.29 

103 

171 

]9 

281 

65.62-° 

55 

9.83 

5.48 

0.39 

0.29 

100 

170 

19 

282 

65.07     ° 

55 

9,81 

5.44 

0.39 

0.29 

97 

170 

18 

283 

64.52     ° 

55 

9.80 

5.40 

0,39 

0.29 

9.') 

169 

18 

284 

63.97     ° 

55 
50 

9.79 

5.35 

0.39 

0.29 

93 

169 

18 

285 

63.41 

9.73 

5,31 

0.39 

0.38 

91 

168 

18 

286 

62.86—° 

55 

9.77 

5.26 

0.39 

0.28 

90 

168 

18 

287 

62.31     ° 

55 
56 
56 
55 
5S 
56 
56 
56 
56 

5^ 
5f 

^t 

9.77 

5.22 

0.39 

0.28 

83 

167 

18 

28S 

ei.75     ° 

9,76 

6.17 

0.39 

0.28 

86 

167 

18 

289 

61,19     ° 

9.75 

5.13 

0.38 

0.28 

85 

166 

13 

290 

60.64 

9.74 

5,08 

0,38 

0.28 

84 

166 

18 

291 

60.08-° 

9.73 

6.03 

0,38 

0.37 

89 

165 

19 

292 

59,52     ° 

9.72 

4,99 

0,38 

0.27 

81 

164 

19 

293 

58.96     ° 

9.71 

4,94 

0,38 

0,27 

80 

164 

19 

294 

58.40     ° 

9.70 

4.89 

0,38 

0,27 

80 

163 

19 

295 

57.84 

9.69 

4.84 

0,38 

0.27 

79 

163 

19 

296 

57.28-° 

9,68 

4.80 

0,38 

0,27 

78 

162 

19 

297 

56.72     ° 

9,67 

4,75 

0..S8 

0,26 

78 

163 

19 

298 

56.16     ° 

9.66 

4,70 

0,38 

0,26 

77 

101 

90 

299 

55.60     ° 

9,65 

4,65 

0,35 

0,33 

77 

Ifil 

20 

300 

55.04 

9.64 

4,60 

0.38 

0.21i 

77 

160 

20 
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TABLE 

Till,  AUQ.  I.— Continued. 

Ar^, 

(v.c.O)        Dili' 

(..s.l) 

(o.c.l) 

(«.s,3) 

(.,^.2) 

(,.e.O) 

(i>..^.l) 

(v.cA) 

300 

55.04 

9.64 

4.60 

0.38 

0,26 

7T 

160 

30 

301 

54.48 

5" 
56 

56 

S.63 

4,55 

0,38 

0,26 

77 

159 

20 

302 

53.93     ° 

9.62 

4,50 

0,38 

0,25 

77 

159 

20 

303 

53.36     ° 

9.61 

4.45 

0,38 

0.25 

77 

158 

21 

304 

63.80     ° 

9.60 

4.40 

0.38 

0.25 

78 

158 

21 

305 

52.24 

9.59 

4.35 

0.38 

0.25 

78 

157 

21 

306 

51.68"° 

9.58 

4.30 

0.38 

0.35 

79 

156 

22 

301 

51.12 

9.57 

4.25 

0.88 

0.24 

80 

156 

22 

308 

50.56 

9.56 

4.20 

0.38 

0.24 

81 

155 

22 

309 

50.00     ° 

9.55 

4.15 

0.38 

0.24 

83 

154 

23 

310 

49.44 

9.54 

4.10 

0.38 

0.24 

83 

154 

23 

311 

48.88-° 

56 

9.53 

4.05 

0.38 

0.23 

84 

153 

24 

312 

48.33     ° 

^l 

9.52 

4.01 

0,38 

0.23 

85 

152 

24 

313 

47.77     ° 

56 

9.51 

3.94 

0,88 

0.23 

87 

152 

24 

3U 

47.22    ° 

56 

9.50 

3.89 

0.38 

0.23 

88 

151 

25 

315 

46.66 

9.49 

3.84 

0,38 

0,23 

90 

150 

25 

3L6 

46.11—° 

55 

9.48 

3.79 

0,38 

0.22 

92 

160 

26 

3iT 

45.56     ° 

55 

9.47 

8.74 

0.38 

0.23 

94 

149 

26 

aas 

45.01     ° 

55 

9.46 

3.69 

0.38 

0.22 

96 

148 

27 

319 

44.46     ° 

55 
55 

9.45 

3.63 

0.38 

0.23 

98 

148 

27 

320 

43.91 

9.44 

3.53 

0,38 

0.21 

100 

147 

28 

331 

43.36-* 

55 

9.48 

3.53 

0,88 

0.21 

103 

146 

28 

333 

43.81     ° 

55 

9.42 

3.48 

0,38 

0.21 

105 

146 

29 

323 

42.27     ° 

54 

9.41 

3.43 

0.38 

0,21 

108 

145 

29 

324 

41.72     ° 

55 
54 

9.40 

3.38 

0.38 

0,20 

HI 

144 

30 

325 

41.18 

9.40 

3.33 

0.38 

0,20 

114 

144 

30 

336 

40.64—° 

54 

9.39 

3.28 

0.38 

0.20 

m 

143 

31 

32r 

40.10     ° 

54 

9.38 

3.23 

0.38 

0.20 

120 

142 

32 

328 

39.56     ° 

54 

9.37 

3,18 

0.33 

0.19 

123 

141 

33 

339 

39.03     " 

53 
54 

9.36 

8.14 

0.37 

0.19 

127 

140 

33 

330 

38.49 

9.35 

3.07 

0.37 

0.19 

180 

140 

34 

331 

37.96-° 

53 

9.34 

3.03 

0.37 

0.19 

134 

139 

34 

383 

37.43     ° 

53 

9.33 

2.98 

0.37 

0.13 

138 

138 

35 

333 

36.90     ° 

S3 

9.32 

2.93 

0.37 

0.18 

141 

137 

36 

334 

36.87     I 

53 

9.31 

2.88 

0.87 

0.18 

145 

136 

36 

335 

35.85 

9.30 

2.83 

0.37 

0.18 

150 

136 

37 

33  C 

35.33"° 

53 

9.29 

2.78 

0.37 

0.17 

154 

135 

38 

337 

34.81     ° 

52 

9.29 

2.73 

0.87 

0.17 

158 

134 

38 

338 

34.29     ° 

52 

9.28 

2.69 

0.37 

0.17 

162 

133 

39 

339 

33.78     ° 

51 
52 

9.27 

2.64 

0.37 

0.1  T 

167 

132 

40 

310 

33.26     ^ 

9.26 

2.59 

0.37 

0.17 

172 

132 

41 

341 

32.75-° 

51 

9.25 

2.54 

0.37 

0,16 

176 

131 

42 

343 

32,24     I 

51 

9.24 

2,50 

0.87 

0,16 

181 

130 

42 

343 

31.74 

SO 

9.33 

3.45 

0.37 

0.16 

186 

129 

43 

344 

31.23     ° 

51 

5° 

9.22 

2,41 

0.37 

0.16 

191 

128 

44 

345 

30.73 

9.21 

2,36 

0.37 

0.15 

197 

127 

45 

346 

30.24 

49 

9.20 

2,31 

0.37 

0.15 

202 

126 

46 

34t 

29.74     ° 

5<^ 

9.20 

2,27 

0.37 

0.15 

207 

126 

46 

348 

29.25     ° 

49 

9.19 

2,23 

0.37 

•0.15 

213 

125 

47 

349 

28.76     ° 

49 
49 

9.18 

2,18 

0.37 

0.15 

218 

124 

48 

350 

28.27 

9.17 

2,14 

0.37 

0.14 

224 

123 

49 

351 

27.79-° 

48 
48 
48 

9.16 

2,09 

0.37 

0.14 

230 

122 

50 

352 

27.31     ° 

9.15 

2,05 

0.37 

0.14 

236 

121 

51 

353 

26.83     ° 

9,14 

2,01 

0.37 

0.14 

242 

120 

51 

354 

26.36     '^ 

47 
47 

9.13 

1.97 

0.37 

0.14 

248 

119 

52 

355 

35.89 

9.12 

1.93 

0.37 

0.14 

255 

118 

58 

356 

25.42-° 

47 
46 
46 
46 

9.12 

1,89 

0.37 

0.13 

261 

117 

54 

357 

24.96     ° 

9.11 

1.85 

0,37 

0.13 

268 

116 

55 

358 

24.50 

9,10 

1.81 

0,37 

0.13 

274 

115 

56 

359 

24.04     ° 

9,09 

1.77 

0.37 

0.13 

281 

114 

57 

360 

23-58 

9.08 

1.73 

0.38 

0.13 

288 

113 

58 
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TABLt 

YIII,  Arg.  l.~Continuad. 

Arg. 

(u.c.O)        Diff. 

{v.s.l) 

(o.c.l) 

(U.S.2) 

iv.c.2) 

i^.c.O) 

(,„s,l) 

(p,C.l) 

360 

23.58 

9.08 

1.73 

0.38 

0.13 

388 

113 

68 

3C1 

.     23.13~° 

45 

9.07 

1.70 

0.38 

0.13 

294 

113 

58 

3r.3 

22.69     ° 

44 

9.06 

1.66 

0.38 

0.13 

301 

111 

59 

S63 

22.24     ° 

45 

9.0.5 

1.62 

0,38 

0.13 

308 

110 

60 

364 

21.80     ° 

44 
43 

9.04 

1.59 

0,38 

0,13 

316 

109 

61 

365 

21.37     ^ 

S.03 

1,55 

0.37 

0.13 

323 

108 

63 

366 

20.94~"° 

43 

9.03 

1.52 

0-37 

0,12 

330 

107 

63 

367 

30.51     ° 

43 

9.01 

1,48 

0.37 

0.13 

338 

106 

64 

368 

30.08 

43 

9.00 

1.45 

0,37 

0,13 

345 

105 

65 

869 

19.66     ° 

42 

42 

8.99 

1,43 

0.37 

0.11 

353 

104 

66 

3T0 

19.24 

8.98 

1.39 

0.37 

O.Il 

361 

103 

66 

371 

18.83-'' 

41 

8.97 

1.36 

0,37 

0,11 

369 

102 

67 

373 

18.42     ° 

41 

8,96 

1.33 

0,37 

0,11 

377 

101 

68 

373 

18.02     ° 

40 

8.95 

1.39 

0,37 

0,11 

385 

100 

69 

374 

17.62     ° 

40 
40 

8.94 

1.27 

0,37 

0,11 

393 

99 

70 

375 

17.33 

8,93 

1.24 

0,37 

0,11 

401 

98 

71 

376 

16.83—° 

39 

8,92 

1.21 

0.37 

0,11 

410 

97 

73 

377 

16.44     ° 

39 

8,91 

1.18 

0,37 

0,11 

413 

90 

73 

378 

16.06     ° 

38 

8.89 

l.lfi 

0,37 

0,11 

426 

95 

74 

379 

15.68     ° 

38 
38 

8,88 

1.13 

0.37 

O.U 

435 

91 

75 

38i) 

15,30 

8,87 

1.11 

0,37 

0,10 

444 

93 

76 

381 

14.93^° 

37 

8.86 

1.08 

0.37 

0,10 

453 

92 

77 

382 

14.57     ° 

3<» 
36 
36 
3S 

8.85 

1.06 

0.37 

0.10 

461 

91 

78 

383 

14.21     ° 

8.83 

1.04 

0,37 

0.10 

470 

90 

78 

384 

13.85     ° 

8,82 

1.03 

0.37 

0.10 

479 

89 

79 

385 

13.50 

8.81 

1.00 

0.37 

0.10 

488 

88 

80 

386 

13.15-° 

35 

8,79 

0.98 

0,37 

0.10 

497 

87 

81 

387 

12.80     ° 

35 

8.78 

0.96 

0,37 

0,10 

506 

86 

83 

388 

12.47     ° 

33 

8.77 

0,94 

0.37 

0,10 

514 

85 

83 

389 

13.13    I 

34 
32 

8.75 

0.92 

0.37 

0.10 

525 

84 

84 

390 

11.81     ^ 

8,74 

0.90 

0,37 

0-10 

534 

83 

85 

391 

11.48~^ 

33 

8.73 

0.88 

0,37 

0.10 

544 

81 

86 

393 

11.16 

3^ 

8.71 

0.87 

0,37 

0,10 

554 

80 

86 

393 

10.85 

31 

8,70 

0.85 

0,36 

0,10 

564 

79 

87 

394 

10.. H     I 

31 
31 

8.68 

0.84 

0.36 

0.10 

573 

78 

88 

395 

10.33 

8.67 

0.83 

0.36 

0,10 

583 

77 

89 

396 

9.93-° 

30 

8.65 

0.82 

0.36 

0  10 

593 

76 

90 

397 

9.64     ^ 

29 

8.63 

0.80 

0  36 

0,10 

603 

75 

91 

398 

9.35     ° 

29 

28 

28 

8,63 

0.79 

0.36 

0,10 

013 

74 

92 

399 

9.07     I 

8.60 

0.78 

0.36 

0.10 

623 

73 

93 

400 

S.79_„ 

8,58 

0-77 

0.36 

0,10 

633 

72 

93 

401 

8.53-; 

z; 

8,.5T 

0,76 

0.36 

0,10 

643 

71 

94 

403 

8.35     ° 

27 

8.55 

0.76 

0.36 

0,10 

653 

70 

95 

403 

7.93     ° 

27 

8.53 

0,75 

0.36 

0,10 

664 

69 

96 

404 

7.73     ° 

2! 

8.51 

0.74 

0,35 

0,10 

674 

68 

97 

405 

7.47 

8.49 

0.74 

0.35 

0.10 

684 

67 

98 

406 

7.22-° 

35 

8.47 

0.74 

0.35 

0.10 

695 

66 

98 

407 

6.98     ° 

24 

8.46 

0,73 

0.35 

0.10 

706 

65 

99 

403 

6.75     ° 

^3 

8.44- 

0.73 

0,35 

0.10 

716 

64 

100 

409 

6.51     ° 

34 

8.43 

0.73 

0.34 

0,10 

727 

63 

101 

410 

6.29 

8,39 

0,73 

0,34 

0.10 

737 

62 

101 

4U 

6.07—° 

22 

8,37 

0,73 

0.34 

0.10 

748 

fit 

103 

412 

5.85     ° 

22 

8.35 

0,73 

0.34 

0,10 

759 

00 

103 

413 

5.64     ° 

21 

8.33 

0,73 

0.34 

0.10 

770 

59 

104 
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197.35     ' 

09 

1.58 

236.41     ° 

7° 

0.10 

14 

39.75     ° 

160.05     ^-^ 

2.38 

292.90     ° 

0.42 

198.43     ' 

08 

1.57 

235.69     ° 

72 

0.10 

09 

1-43 

17 

oS 

73 

15 

39.92  + 

08 

161.48 

2.36 

292.73 

0.42 

199.51  , 

1.55 

234.96 

0.10 

16 

162. 90  +  ^-*^ 

2.35 

292.65-° 

18 

0.41 

200.58+' 

07 
06 

1.53 

234.22-° 

74 

0.09 

IT 

40.01 

09 

104.32     ^■'^' 

2.34 

292.34     ° 

21 

0.40 

201.64     ' 

1.52 

233.48     ° 

74 

0.09 

18 

40.10 

09 
08 

165.74     ^-^^ 

3.33 

293.13     ° 

21 

0.39 

202.69     ' 

°5 

1.50 

232.73     ° 

75 

0.09 

13 

40.18     ° 

107.16     ^■'** 

2.32 

291.90     ° 

23 

0.38 

203.74     ' 

05 

1.49 

231.96 

77 

0.09 

09 

1.42 

35 

04 

78 

20 

40.27  ,„ 
40.35+° 

08 

168.53  , 

2.31 

291.65 

26 

0.37 

204.73  , 

1.47 

231.18 

0.09 

21 

10&.99+'-4^ 

2.30 

201.39—° 

0.36 

205.81  +  ' 

03 

1.46 

230.39 

79 

0.09 

23 

40.44     ° 

09 
08 

171.40     '"'' 

2.29 

291.12     ° 

27 

0.35 

20G.83 

02 

1.44 

229.00 

79 
80 
82 

0.09 

23 

40.52     ^ 

172.81     '■'^^ 

2.27 

290.83     ° 

29 

0.35 

207.84 

01 

1.43 

228.80 

0.10 

24 

40.62     ° 

174.22     ^■■*'' 

2.20 

290.53     ° 

30 

0.34 

208.85     1 

1.41 

227.98     ° 

0.10 

09 

1.40 

31 

83 

25 

40.71  ,„ 

175.62  , 

2.25 

290.92 

0.33 

209.85  , 

1.40 

227.15 

0.10 

26 

40.80"'' 

09 

n7.02+'-i° 

2.24 

289.89-° 

33 

0.32 

210.84+° 

99 
98 

1.39 

226.31 

84 
85 
86 
86 
S7 

O.IO 

3T 

40.89     ° 

09 

178.42     \-f 

2.23 

289.55 

34 
36 

0.31 

211.82     ° 

1.37 

225.46     ° 

O.IO 

28 

40.98     _ 

09 

179.81     ^-39 

2.21 

289.19 

0.30 

212.79 

97 

1.36 

224.60     ° 

O.U 

29 

41.07     ^ 

09 

181.20  ;:g 

183.59  ,        „ 

3.20 

288.82     ° 

37 
38 

0.30 

213.76     ° 

97 
95 

1.34 

223.74     ° 

O.U 

30 

41.16  ,^ 

3.19 

288.44 

0.29 

214.71  , 

1.33 

222.87 

O.U 

31 

41.25+° 

09 

183.97+  -^^ 
185.35     I'^^l 
186.73     ,3* 

2.13 

288.04 

40 

0.28 

215.66+° 

95 

1.33 

221.99 

88 
89 

O.U 

3^ 

41.35     „ 

10 

2.17 

287.63 

4"^ 

0.28 

216.00 

94 

1.30 

221.10 

O.U 

33 

41.44     „ 

□9 

2.15 

387.20 

43 

0.27 

217.53 

93 

1.29 

220.20 

9° 

0.12 

34 

41.54     I 

10 

188.10     ^-^J 

2.14 

386.76     ° 

44 
46 

0.26 

218.44     ° 

91 
91 

1.27 

219.28     I 

92 
92 

0.13 

35 

41.64  ,„ 
41.74+° 

189-if  .,',fi 
190.83+'-3° 
192.19       -3° 
193.55     ^-3; 

2.13 

286.30 

46 

0.26 

219-35 
220.25  + 

1.26 

218.3fi_„ 

0.12 

36 

10 

2.11 

285.84 

0.25 

90 
89 
89 
87 
86 

1.25 

217.43": 

93 

0.13 

31 

41.83     I 

09 

3.10 

285.35 

49 

0.24 

221.14 

1.23 

216,49 

94 

0.13 

38 

41.93     „ 

10 

2-09 

384.86 

49 

0.23 

222.03 

1.22 

215.55 

94 
96 

0.13 

39 

42.03     ° 

10 

194.90    ';3S 
196.25  , 

2.07 

384.35     ° 

51 

0.23 

222.90     ° 

1.20 

214,59     ° 

0.13 

40 

43.34+° 

2.06 

283.84 

0.22 

233.76 

1.19 

213.62 

0,13 

41 

'^ 

197.59+''34 

3.05 

283.31—° 

S3 

0.22 

234.01+° 

«5 

1.18 

212.65-° 

97 

0.13 

42 

42.34     ° 

10 

198.93     ^'34 

2.03 

282.76     ° 

^1 

0.21 

235.45     ° 

84 

1.16 

211.67     ° 

98 

0.14 

43 

43.44     . 

10 

200.26     '33 

2.02 

282.20     ° 

S6 

0.21 

226,28     ° 

S3 

1.15 

310.68     ° 

99 

O.U 

44 

43.55     I 

201.59     ''33 
302.91  , 

2.00 

281.63     * 

57 
59 

60 
62 
62 
64 

0.30 

227.11     ° 

1.13 

209.68     ' 

00 

0.14 

45 

43.66  ,„ 
42.77+° 

1.99 

281.04 

0.20 

227.93  , 

80 

1.12 

208.67 

0-15 

46 

204.23  +  '-3= 

1.97 

230.44—° 

0.19 

228.72+° 

1.10 

207.66-' 

01 

0,15 

47 

42.87     0 

205.54     ''3' 

1.96 

279.83     ° 

0.19 

229.51     ° 

79 
78 
78 

1.09 

206.64     ' 

oz 

0.15 

48 

42.98     0 

206.85     '-3' 

1.94 

279.20     ° 

0.18 

230.39     ° 

1.07 

205.61     ' 

°3 

0.15 

49 

43.09     o 

208.15     ^-3° 

1.93 

278.56     ° 

0.18 

231.07     ° 

1.06 

204.57     ' 

□4 

0.16 

1.29 

^5 

76 

°5 

50 

43.20 
43.32+° 

209.44., 

1.92 

277.91 

67 
68 
69 

0.17 

231.83  ,„ 

1.04 

203.52 

0.16 

61 

210.73+'-^^ 

1.91 

277.34-° 

0.17 

232.58+° 

75 

1.03 

202.47—' 

:i 

0.17 

52 

43.43 

212.01     ^-^Z 

1.89 

276.56     ° 

0.16 

233.32     ° 

74 

1.01 

201.41     ' 

0.17 

53 

43.54 

213.29     ^-^l 
214.57     I'l" 

1.88 

275.87     ° 

0.16 

334.05     ° 

73 

1.00 

200.34     ' 

07 
08 
08 

0,18 

54 

43.65     ^ 

1.87 

275.17     ° 

70 

0.16 

334.77     ° 

72 

0.99 

199.36     \ 

0.18 

55 

43.77  ,. 
43.88  "^^ 

215.84  ,        , 
217.10  +  '-"^ 

1.85 

274.45 

0.15 

235.48, 

0.97 

198.18 

0.19 

50 

1.84 

273.73-° 

73 

0.15 

236.18+° 

70 
69 
67 
66 
6:: 

0.96 

197.09—' 

09 

0-20 

57 

44.00     " 

218.35     '-^S 

1.82 

272.98     ° 

74 

0.15 

230.87 

0.95 

196.00     ' 

09 

0.30 

58 

44.12     „ 

219.60     ^-^5 

1.81 

272.33     ° 

75 

0.15 

237.54 

0.94 

194.90 

10 

0.21 

59 

44.24     ^ 

220.84     ^-^4 
222.07 

1.79 

271.46     ° 

77 

0.14 

333.30     ° 

0.92 

193.79     \ 

" 

0.21 

CO 

44.35 

1.73 

270.09 

O.U 

333.85 

0.91 

193.07 

0.22 
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TABLE  IX,  Arg. 

.-~  Continued. 

Arg. 

(..-5.3) 

{v.c.S'j 

(i'.s.4) 

(v.cA 

(.P.o.O) 

(P,.U 

Cp.c.l) 

(p,s,3 

(p.c.2 

{P...3 

(p.c.3) 

0 

11.40 

14.53 

1.58 

1.68 

1678 

182 

1513 

111 

306 

131 

85 

1 

11.52 

14.43 

1,59 

1.66 

1679 

183 

1526 

111 

302 

131 

85 

2 

11.64 

14.43 

1,60 

1.65 

1680 

183 

1539 

710 

293 

137 

86 

3 

11. T5 

14,38 

1,61 

1.64 

1680 

184 

1551 

109 

295 

137 

85 

i 

11.8T 

14,33 

1.62 

1.63 

1681 

185 

1564 

103 

291 

137 

85 

5 

11.98 

U.28 

1.63 

1,62 

1682 

187 

1511 

707 

288 

137 

85 

6 

12.10 

14.22 

1.64 

1.61 

1682 

188 

1590 

706 

284 

131 

85 

t 

12.21 

14.16 

1.64 

1.60 

1683 

190 

1603 

704 

281 

138 

84 

8 

12.32 

14.10 

1.65 

1.50 

1683 

191 

1615 

103 

218 

138 

9 

13.43 

14.04 

1.66 

1.53 

1682 

193 

1623 

101 

214 

138 

84 

10 

12.54 

13,07 

1.61 

1,56 

1682 

195 

1641 

100 

211 

133 

84 

n 

12,65 

13,91 

1.68 

1.55 

1681 

197 

1054 

609 

267 

138 

84 

13 

12. T6 

13.84 

1.69 

1.54 

1680 

109 

16G6 

698 

264 

138 

84 

13 

12.81 

13,17 

1.69 

1,53 

1619 

201 

1619 

696 

260 

138 

84 

U 

12.91 

13.10 

1.70 

1.62 

1678 

203 

1691 

695 

251 

137 

83 

15 

33.01 

13,G3 

1.71 

1,50 

1677 

206 

1104 

694 

253 

137 

83 

10 

13.18 

13.56 

1,71 

1.49 

1675 

2oa 

1716 

693 

250 

131 

83 

17 

13.33 

13,49 

1,13 

1.43 

1014 

211 

1729 

691 

246 

137 

83 

18 

13.38 

13.41 

1,13 

1,47 

1612 

214 

1741 

689 

243 

131 

82 

19 

13.48 

13.33 

1,14 

1,45 

1670 

211 

1764 

687 

239 

131 

82 

20 

13.53 

13.25 

1,74 

1,44 

1668 

220 

llflii 

685 

236 

137 

82 

ai 

13.68 

13.17 

1,15 

1,43 

1666 

223 

1118 

683 

233 

137 

82 

23 

13.18 

13,09 

1,15 

1.42 

1664 

237 

1190 

681 

230 

131 

81 

23 

13.87 

13,01 

1.16 

1.40 

1603 

230 

1303 

679 

226 

131 

81 

24 

13.97 

12,92 

1.76 

1.39 

1660 

234 

1314 

677 

223 

131 

81 

25 

14. OS 

12.83 

1,17 

1.31 

1658 

231 

1826 

675 

220 

131 

81 

26 

14.15 

13.74 

1,18 

1,36 

1656 

241 

1833 

673 

211 

131 

81 

2t 

14.24 

13.65 

],18 

1,35 

1053 

245 

1850 

611 

214 

131 

80 

2S 

U.33 

12.56 

1,19 

1,34 

1051 

249 

18C2 

068 

211 

131 

80 

29 

14.41 

12,41 

1,19 

1,32 

1648 

253 

1814 

660 

208 

137 

80 

30 

14.50 

12,31 

1.79 

1.31 

1645 

258 

1886 

664 

305 

137 

79 

31 

14.58 

12,28 

1.80 

1.30 

1642 

262 

1898 

663 

202 

137 

18 

32 

14.66 

12.19 

1,80 

1.38 

1638 

261 

1910 

659 

199 

131 

18 

33 

14.74 

12.09 

1,80 

1.21 

1635 

212 

1922 

657 

196 

137 

78 

34 

14.82 

11.99 

1,81 

1.25 

1631 

217 

1934 

654 

193 

131 

78 

35 

14.90 

■  11.89 

1,81 

1.34 

1621 

282 

1946 

652 

190 

137 

77 

36 

14.91 

11.79 

1.81 

1.32 

1623 

287 

1958 

650 

187 

137 

77 

3T 

15.05 

11.69 

1.81 

1.21 

1619 

S92 

1910 

647 

184 

137 

77 

38 

15.13 

11.59 

1.82 

1.20 

1615 

291 

1982 

645 

181 

137 

76 

39 

15.19 

11.49 

1,83 

1.18 

1611 

302 

1993 

642 

179 

137 

16 

40 

15.26 

11.38 

1,83 

1.17 

1608 

303 

2005 

640 

116 

131 

16 

41 

15.33 

11.28 

1,82 

1.15 

1003 

313 

2010 

637 

113 

131 

16 

4-3 

15.39 

11.17 

1.82 

l.U 

1597 

319 

2023 

635 

111 

131 

16 

43 

15.46 

11.06 

1.82 

1.13 

1592 

335 

2039 

633 

108 

131 

15 

44 

15.53 

10,95 

1.82 

1.11 

1587 

331 

2051 

630 

166 

131 

74 

45 

15.58 

10,84 

1.83 

1.10 

1582 

337 

2062 

631 

163 

137 

74 

4S 

15.64 

10,13 

1,83 

1.08 

1577 

343 

2013 

634 

160 

137 

74 

41 

15.70 

10,62 

1,83 

1.01 

1572 

349 

2084 

621 

153 

137 

73 

48 

15.76 

10,51 

1.83 

1.06 

1566 

355 

3095 

619 

155 

137 

73 

49 

15.81 

10.40 

1.S3 

1.04 

1561 

363 

2106 

616 

153 

137 

13 

50 

15.86 

10.28 

1,83 

1.03 

1556 

868 

2117 

613 

150 

131 

12 

51 

15.91 

10.17 

1,82 

1.01 

1550 

375 

2128 

610 

148 

131 

12 

52 

15.96 

10.05 

1,83 

1.00 

1545 

381 

2138 

607 

145 

131 

72 

53 

16.01 

9.94 

1,81 

0.98 

1539 

383 

2149 

604 

143 

131 

12 

54 

16.05 

9.82 

1.81 

0.91 

1533 

394 

2159 

601 

140 

137 

13 

55 

16.09 

9.70 

1.81 

0,96 

1531 

401 

3110 

598 

138 

131 

11 

56 

16,13 

9.59 

1,81 

0.94 

1531 

408 

3180 

595 

135 

137 

11 

5T 

16.11 

9.47 

1.80 

0.93 

1515 

415 

2191 

592 

133 

131 

11 

58 

16.20 

9,35 

1,80 

0.92 

1509 

422 

3301 

589 

131 

131 

71 

59 

16.23 

9.23 

1.80 

0.90 

1503 

430 

2212 

586 

129 

137 

71 

eo 

16.26 

9.11 

1,80 

0.89   1496  1 

431 

2322 

683 

121 

137 

71 
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TABLE  IX, 

Aro. 

2. — Continued. 

Arg. 

(v.c.O)    II 

iff.  !(i-.s.l)  Diff.  SccTar 

(tJ.C.l) 

Diff.  Sccvar 

(t).«.3)  Diff  SecTar 

(v.c.2)  Diff. 

Secvar. 

60 

44.35  ,  „ 

„  222.07  ,  ,  „ 

1.78 

270.69 

-0.80 
0.80 
0.81 
0.83 
0.S4 

-o.Ss 
0.87 
0.S7 
0.89 
0.90 

0.14 

238.85  ,      , 

0.91 

192.67 

" 

0.22 

61 

44.47+'' 

^^  223.30+3 

1.76 

269.89 

0.13 

239.49+° 

P 
62 

61 

60 

0.90 

191.55- 

.12 

0.23 

62 

44.59     ° 

'      224.53     ^'^ 

1,75 

269.09 

0.13 

240.12     ° 

0.98 

190.43 

■'3 

0.23 

63 

44.71 

44.83     I 

'^  225„73     ^'" 

1.73 

268.28 

0.13 

240.74     ° 

0.87 

189.39 

■13 

0.24 

64 

11  226.94     [H 

1.73 

267.45 

0.13 

241.35     ° 

0.86 

188.14 

■IS 
■15 
.16 
.16 
.16 

0.25 

65 

44,95 
45.07+° 

,,   238.14  ,  ,' 
'I   229.33+  '5 
11   230.51       -^ 
'   231.69     [■]; 

1.70 

266.61 

0.13 

241.96  ,  „ 

58 

0.84 

186.99 

0.25 

66 

1.69 

265.76" 

0.12 

243.53  + 

0.83 

185.83 

0.26 

ei 

46.19 

1.67 

364.89 

0,13 

243.10     ° 

57 

0.82 

184.67 

0.27 

68 

45.31     Z 

1.66 

364.02 

0.12 

343.67     ° 

57 

0.81 

183.51 

0.2s 

69 

45.44     I 

ji  232.86     ^-J 

1.64 

263.13 

O.U 

344.22     ° 

55 
54 

0.79 

182.34 

-17 

.18 

0.28 

70 

46.56  ,  „ 
45.li8+° 

I,  234.02 

',   235.17+,:^ 

,      236.31     ,  ,; 

;;  237.45  ; ,: 

1.63 

262.23 

0.11 

244.76  ,  „ 

0.78 

181.16 

0.29 

71 

1.63 

261.32- 

-091 

O.U 

246.28+° 

52 

0.7T 

1T9.97~ 

.19 

0.30 

73 

45.80     ° 

1.60 

360.39 

0-93 

O.U 

245.79     ° 

51 

0.T5 

178.78 

.19 

0.31 

73 

45,93     ° 

1.59 

259.46 

0-93 

0.11 

246.29     ° 

50 

0.74 

177.59 

.19 

0.32 

7i 

46.04     ° 

[I  238.53     J;,^ 

1.57 

258.52 

0.94 
0.96 

0.11 

346.78     I 

49 
4S 

0.73 

176.40 

.19 

0.33 

75 

46.16  ,  _ 
46.29  + 

,.   239,70  ,/,, 
^  240.81+: 

1.56 

357.56 

0.11 

247.26  , 

0.71 

175.20 

0.34 

76 

1.56 

266.59-*'97 

O.U 

247.73+° 

47 

0.70 

173.99  — 

.21 

0.34 

77 

46.41 

,,   241,91       ■„ 

3.63 

355.61 

0.9s 

O.U 

248.18     ° 

45 

0.69 

172.78 

.21 

0.35 

73 

46.63     ° 

1.   244.09     ,.J 

1.53 

354.62 

0.99 

O.U 

248.63     9 

44 

0.68 

171.56 

.22 

0.36 

7 'J 

46.G5     ^ 

1.50 

253.63 

1.00 

O.U 

249.05     ° 

43 
42 

0.66 

170.34 

■23 

0.37 

80 

46.77  ,„ 
40. 89+° 

13   245.17  ,^ 
,,   246.24^,  „i 

1.49 

252.61 

O.U 

249.47  , 

0.65 

169.11 

0.38 

81 

l.iS 

251.59- 

-1. 03 

O.U 

249.87  + 

40 

0,64 

167.88- 

■23 

0.39 

82 

47.01     . 

I.   247.30     /„ 
J,   249.38     ,.4 

1.46 

250.56 

1.03 

O.U 

250.26 

39 
38 

0.63 

166.65 

■23 

0.40 

83 

47.13     „ 

1.45 

249.51 

1.05 
1.06 

O.U 

250.64 

0.62 

165.41 

.24 

0.41 

84 

47.34     ^ 

1.43 

248.45 

O.U 

251.01     ° 

37 
36 

0.61 

164.17 

.24 

0.42 

85 

47.36 

250.41  ,  ^  „, 

1.42 

247.38 

-i.oS 

O.U 

351.37  , 

0.60 

162.92 

' 

0.43 

86 

47.48+° 

^^  251.43  + 

1.40 

246.30" 

0.13 

251.71  + 

34 

0.58 

161.67  — 

■25 

0.43 

87 

47.59     ° 

"    252.44     I'll 

1.39 

245.31 

1.09 

0.13 

253.04 

33 

0.57 

160.42 

■  25 
.26 
.26 

0.44 

88 

4T.71     ° 

^   253.44     ^■°° 

1.38 

244.12 

1.09 

0.13 

252.36 

32 

0.56 

159.16 

0.45 

89 

47.82     ^ 

''    254.43     °-99 

12                                  0.98 

255.41  , 
"   256.38 +°-97 
"    257.34     °-5^ 

1.3G 

243.01 

J" 

0.13 

252.67     I 

31 
23 

28 
26 

0.55 

157.90 

0.46 

90 

47.94 

1.35 

241.89 

0.12 

252.96  , 

0.54 

156.63 

0.47 

91 

48.05  + 

1.33 

240.76" 

-1. 13 

0.13 

255,24+ 

0.53 

165.36- 

.27 

0.48 

92 

48.16     ° 

1.32 

239.62 

1. 14 

0.12 

353.50     ° 

0.52 

154.09 

.27 

0.49 

93 

48.37     ° 

^'    258.29        ^^ 

1.30 

238.48 

1. 14 

0.13     253.75     " 

25 

0.51 

153.82 

.27 

0.50 

94 

48.38     ° 

260.16  ,.    , 
^°  361.08+    ^, 

1.39 

237.33 

'■15 

0.13     253.98     ° 

23 
23 

0.50 

151.65 

.27 
.28 

0.51 

95 

48.49,  „ 
48.59+° 

1.28 

236.16 

-1.18 

0.13 

254.21 
254.43"^" 

0.49 

150.27 

.28 
.28 

0.52 

96 

1.26 

234.98" 

0.13 

23 

0.48 

148.99- 

0.54 

97 

48.70     ° 

;'    361.99     °T 
^°  363.88        aJ 

1.25 

233.79 

1. 19 

0.13 

254.63 

20 

0.47 

147.71 

0.63 

98 

48.80     ° 

1.23 

233.60 

1.19 

0.13 

254.83 

19 

0.46 

146.42 

.29 

0.56 

99 

48.91     ° 

1.23 

231.39 

1.21 

0.14 

254.99     ^ 

17 
16 

0,45 

145.13 

.29 
.29 

0.57 

100 

49.01  . 
49.11+° 

_  264.63  ,„sfi 
°  365.49 +°-^J 
°  266.34     °-o^ 
'°  267.18     °-^^ 
10  268.00     °jj 

1.20 

230.18 

0.14 

255.15 
255.30  \ 

0.44 

143.84 

0.58 

ioi 

1.19 

328.96" 

-1.22 

0.14 

15 

0.43 

142.55- 

.29 

0.59 

103 

49.31     ° 

1.17 

227.73 

1.23 

0.15 

255.43 

13 

0.42 

141.26 

.29 

0.60 

103 

49.31     ° 

1.16 

226.50 

1.23 

0.15 

255.55     „ 

12 

0.41 

139.97 

.29 

0.61 

104 

49.40     ° 

1.14 

225.25 

1.26 

0.16 

255.66     ^ 

09 

0.40 

138.67 

-3° 
■3° 

0.62 

105 

49.50  ,_ 
49. 59"'' 

„   268.81  ,„  0^ 

1.13 

223.99 

0.16 

255.75  , 

0.39 

137.37, 

0.63 

106 

1.11 

322.73" 

-.1.26 

0.16 

255.83+° 

08 

0.39 

136.07-- 

■30 

0,65 

107 

49.68 

1.10 

221.46 

1.37 
1.28 

0.17 

255.90     ° 

07 

0.38 

134.77 

■30 

0.66 

108 

49.77 

1.09 

320.18 

0.17 

255.95     ° 

05 

0.37 

133.47 

■30 

0.67 

109 

49.85     I 

1.07 

218.88 

1.30 

0.18 

255.99     ° 

04 

0.36 

132.17 

■50 

0.63 

09                   ='■75 

1.30 

03 

■30 

110 

49.94  ,^ 
50.03+° 

-  KiS+»- 

1.06 

317.58 

0.18 

256,02 

0.35 

130.87 

0.69 

111 

1.05 

216.28" 

-1.30 

0.18 

256.04+° 

02 

0.34 

129.57- 

■30 

0.70 

112 

50.11     ° 

°^   274.13     °-73 
:     274.90     I'll 

1.03 

214.97 

■■3' 

0.19 

256.04     ° 

00 

0.33 

128.26 

■31 

0.71 

113 

50.19 

1.02 

213.65 

1.32 

0.19 

256.03~° 

01 

0.33 

126.96 

■3° 

0.73 

114 

50,26     ^ 

ol  ^^•''-co  °:g 

1.00 

312.33 

1-32 

0.20 

256.00     ° 

03 

0.32 

125.66 

0.74 

1-34 

04 

115 

50.34  , 

_  276,29  .      ,, 
°7  276.97+°'^^ 
°7   377.63     °'f 
°^   278.28     °'°5 
°;   278.92     °;^^ 
279.55 

0.99 

210.99 

0.20 

255.96     „ 

0.31 

124.36 

0.75 

116 

50.41+° 

0.98 

209.65- 

-1.34 

0.21 

255,91-° 

*5 

0.30 

123.05"' 

■31 

0.76 

117 

50.48     ° 

0.97 

208.31 

1-34 

0.21 

255.84 

07 
08 

0.29 

121,75 

■30 

0.77 

118 

60.55     ° 

0-96 

206.96 

1-35 
1-36 
1-37 

0.22 

255.76 

0.28 

120.45 

■3° 

0.78 

119 

50.62     ° 

0.94 

205.60 

0.32 

355.67     ° 

09 

0.28 

119.15 

■30 
■30 

0.80 

120 

50.69 

0.93 

204.33 

0.33 

255.56 

0.27 

117.85 

0,81 
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TABLE  IX,  Arg.  E 

. — Continued. 

Arg. 

(^.«.3) 

(v.c.-i) 

t«.8.4) 

(..C.4) 

(p.c.O) 

(p.S.l) 

(P-C.l) 

(p.s.2) 

(p-c.3) 

(p.8.3) 

(p.c.3) 

60 

16.26 

9.11 

1.80 

0.89 

1496 

437 

2222 

583 

127 

137 

71 

61 

16. na 

9.00 

1.79 

0.83 

1489 

445 

2233 

680 

125 

137 

70 

62 

16.32 

8.88 

1.79 

0.87 

1483 

453 

2243 

577 

123 

137 

70 

63 

16.35 

8.76 

1.78 

0.85 

1477 

460 

2354 

574 

121 

137 

70 

64 

16.38 

8.64 

1.78 

0.84 

1470 

468 

2364 

570 

119 

137 

69 

65 

16.41 

8.52 

1.78 

0.83 

1464 

476 

2275 

567 

117 

136 

69 

C6 

16.43 

8.40 

1.77 

0.81 

1457 

484 

2285 

564 

115 

136 

68 

67 

16.45 

8.28 

1.77 

0.80 

1461 

493 

2295 

560 

113 

136 

68 

68 

16. 4T 

8.16 

1.76 

0.79 

1444 

501 

2306 

657 

113 

136 

67 

69 

16.49 

8.04 

1.75 

0.78 

1438 

509 

2316 

553 

110 

136 

67 

lfi.50 

7.D1 

1.75 

0.76 

1431 

518 

2336 

550 

108 

136 

66 

16.51 

7.T9 

■  1.74 

0.75 

1424 

527 

2336 

546 

107 

136 

66 

16.52 

T.6T 

1.74 

0.74 

1417 

536 

2346 

543 

105 

136 

66 

16.53 

7.55 

1.73 

0.73 

1410 

545 

2356 

640 

103 

135 

65 

16.54 

7.43 

1.73 

O.Tl 

1403 

564 

2365 

536 

103 

135 

65 

16.54 

7.31 

1.72 

0.70 

1396 

563 

3375 

533 

100 

135 

64 

16.54 

7.19 

1.71 

0.69 

1389 

572 

2384 

530 

99 

135 

64 

16.54 

^.o^ 

1.70 

0.68 

1382 

581 

3394 

526 

98 

135 

64 

16.54 

6.95 

1.70 

0.67 

1374 

590 

2403 

533 

96 

135 

63 

16.53 

6.83 

1.69 

0.65 

1367 

599 

3413 

519 

95 

135 

63 

80 

16.53 

e.n 

1.68 

0.64 

1360 

608 

2422 

616 

94 

135 

63 

81 

16.52 

6.60 

1.67 

0.63 

1353 

618 

3431 

513 

93 

135 

62 

82 

16.53 

6.48 

1.66 

0.62 

1346 

637 

3440 

608 

92 

134 

61 

83 

16.51 

6.36 

1.65 

0.01 

1339 

637 

3449 

505 

91 

134 

61 

8i 

16.60 

6.24 

1.64 

0.60 

1332 

646 

3457 

501 

89 

134 

60 

85 

16.48 

6.13 

1.63 

0.59 

1325 

656 

3466 

4118 

88 

134 

60 

86 

16.46 

6.01 

1.62 

0.58 

1318 

664 

2475 

494 

87 

134 

59 

87 

16.44 

5.89 

1.61 

0.57 

131] 

676 

2483 

490 

86 

134 

69 

88 

16.42 

5.78 

1.60 

0.56 

1304 

684 

2492 

487 

85 

134 

68 

89 

16.40 

5.66 

1.59 

0.55 

1296 

696 

3500. 

483 

84 

133 

58 

90 

16.38 

5.55 

1.5S 

0.54 

1289 

706 

25Q9 

480 

84 

133 

57 

91 

16.35 

5.44 

1.57 

0.53 

1281 

717 

2517 

476 

S3 

133 

57 

92 

16.33 

5.32 

1.56 

0.52 

1373 

727 

2525 

472 

82 

133 

56 

93 

16.30 

5.21 

1.55 

0.51 

1266 

738 

2534 

469 

82 

132 

56 

94 

16.27 

6.09 

1.54 

0.50 

1258 

749 

2542 

465 

81 

133 

55 

95 

16.24 

4.98 

1.53 

0.50 

1250 

760 

3550 

461 

81 

132 

55 

96 

16.20 

4.87 

1.52 

0.49 

1242 

771 

2558 

457 

80 

131 

54 

9T 

16.17 

4.76 

1.51 

0.48 

1234 

782 

3566 

454 

80 

131 

54 

!)S 

16.13 

4.64 

1.50 

0.48 

1226 

793 

2574 

450 

80 

131 

53 

1)9 

16.09 

4.54 

1.49 

0.47 

1218 

804 

2583 

446 

79 

130 

53 

100 

J6.05 

4.44 

1.48 

0.46 

1210 

815 

3590 

442 

79 

130 

52 

101 

16.01 

4.33 

1.46 

0.46 

1302 

826 

2598 

438 

79 

130 

51 

102 

15.96 

4.23 

1.45 

0.45 

1194 

838 

2605 

435 

79 

129 

51 

103 

15.92 

4.13 

1.44 

0.44 

1186 

849 

2613 

431 

78 

139 

50 

104 

15.87 

4.02 

1.43 

0.44 

1178 

861 

2630 

438 

78 

139 

50 

105 

15.83 

3.92 

1.42 

0.43 

1170 

872 

3637 

424 

78 

128 

49 

106 

15. T8 

3.82 

1.41 

0.43 

1162 

883 

2634 

420 

78 

128 

49 

lOT 

15.73 

3.T2 

1.39 

0.42 

1154 

895 

2641 

416 

78 

128 

48 

108 

15.68 

3.63 

1.3S 

0.42 

1146 

907 

2047 

413 

78 

127 

48 

109 

15.62 

3.52 

1.37 

0.41 

1138 

919 

2654 

409 

78 

127 

47 

no 

15.56 

3.43 

1.36 

0.41 

1130 

931 

2661 

405 

78 

126 

46 

111 

15.51 

3.34 

1.34 

0.40 

1122 

943 

2668 

403 

78 

126 

46 

112 

15.45 

3.24 

1.33 

0.40 

1114 

955 

2674 

398 

79 

125 

45 

113 

15.39 

3.15 

1.33 

0.^10 

1106 

967 

2681 

394 

79 

125 

45 

114 

15.33 

3.06 

1.31 

0.39 

1098 

979 

3687 

391 

79 

124 

44 

115 

15.27 

2.97 

1.29 

0.39 

1090 

991 

2693 

387 

80 

124 

44 

116 

15.21 

2.88 

1.28 

0.38 

1082 

1003 

2699 

383 

80 

123 

44 

in 

15.14 

2.80 

1.26 

0.38 

1074 

1016 

3705 

380 

80 

122 

43 

lis 

15.08 

2.71 

1.25 

0.38 

1066 

1028 

3711 

376 

81 

122 

43 

119 

15.01 

2,C2 

1.24 

0.38 

1059 

1041 

2716 

373 

81 

121 

42 

120 

14.94 

2.54 

1.23 

0.37 

I05I 

1053 

2722 

370 

82 

120 

42 
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TABLE  IX,  Aro.  2.— Continued.                                                               1 

Arg. 

(ccO)    Diff  .v.s.l)  Diff.  Suc.var 

(•U.C.I)  DiiF.  Secvar 

(V.S.2)  Diff  Secvar 

(U.C.2J  Diff.  Secvar. 

120 

50.69 

279.55         ,      0.93 

204.23 

.  ,,    0,23 

255.56 

0.27 

117.85 

" 

0.81 

121 

50.76+° 

o6 
o6 

280.16+° 

"'    0.92 
^°   0.90 

203.86" 

lis  "-^^ 

lit  0-2* 

'■3**   0.25 

255.44— °'^ 

0.26 

116.55^ 

1.30 

0.82 

122 

50.83     ° 

280,76     ° 

201.48 

255,31     °-|3 

0.26 

115.35 

1.30 

0.84 

123 

50.88     ° 

281.35     ° 

59   0.89 

300.10 

355.16     III 
254.00    °;|^ 

0.25 

113.95 

1.30 

0,85 

124 

50.93     ° 

05 

381.92     ° 

11    0-«» 

198.71 

'■39    0.25 
1.40 

0.25 

112.65 

1.30 
1.29 

0.87 

125 

50.98 
51.03+° 

282.48  , 

r.    0-8T 

197.31 

0.26 

254,83     .  ,„ 

0.24 

111.36 

0.88 

126 

OS 

283.03+° 

t    0-S5 

195.91- 

1.40   0,27 

254. 64"°' 7 

0.33 

110.07" 

T,29 

0.89 

127 

51.08     ° 

°5 

283  55     ° 

55   0,84 

194.60 

'•4'    0,27 

254.44 

0.23 

108.77 

1.30 

0.91 

128 

51.13     ° 

°5 

284.07     ° 

5^   0,83 

193.09 

\'H    •'■28 

254.23     °,' 

0.22 

107.48 

J. 29 

0.93 

129 

51.17     ° 

05 

284.57     ^ 

0,80 

191.67 

,  „    0,29 

254.00     l[l\ 

0.22 

106.19 

1,29 
1,28 

0.94 

130 

51.22     ° 
51.36+° 

285,06 

190-25 

263.76 

0,21 

104,91 

0.95 

131 

04 

285,53+° 

47    0.79 

188.82  — 

^■43   0.30 

253.51 -°-*5 

0.21 

103.63- 

1.28 

0.96 

132 

51.30     ° 

04 

285.99     ° 

''6    0.73 

187.39 

'■43   0.31 

253.24     °-*7 

0.20 

102.35 

1.28 

0.98 

133 

51.34     ° 

04 

286.44     ° 

43    0.76 

185,95 

^■44  0.32 

252.96     °-^" 

0.20 

101.07 

1.28 

0.99 

13i 

51.37     ° 

°3 

286.87     ° 

43    0.75 

184.51 

^■44  0.33 

252.67     ^-^9 

0.19 

99.79 

1.28 

1.01 

°3 

42 

1.44 

0.31 

1.27 

135 

51.40 
51.43+° 

287.29 

0.74 

183.07 

0.33 

252,36 

0.19 

98.52 

1.03 

13(1 

°3 

387.69+° 

4°   0.73 

181.63  — 

'■4S    0.34 

252,04 -°'3^ 

0.18 

97.25  — 

1.27 

1.03 

13T 

61.45     ° 

02 

388.03     ° 

39   0.72 

180.17 

1-45    0,35 

251,71     °-33 

0.18 

95.99 

1.26 

1.05 

138 

51.47     ° 

02 

288.46     ° 

3J    0.70 

178.72 

^■45    0.36 

251.36     °-35 

o.n 

94.73 

1.26 

1.06 

139 

51.49     ° 

288.81     ° 

S^   0.69 

177.26 

1.46    0.37 

251.00     °-3*' 

0.17 

93.47 

1.26 

1.08 

35 

1.46 

0.37 

1.26 

140 

51.51 

289,16 

0,68 

175.80 

0.38 

250.63 

0,16 

92.21 

1.09 

141 

51.52+° 

at 

289,49+° 

33    0.67 

174.33- 

^■47    0.39 

250,24 -°' 39 

0.16 

90,96  — 

'■25 

1.10 

142 

51.53     ° 

01 

389.80     ° 

3^    0.66 

172.86 

^■47    0,40 

249,84     °'4° 

0.15 

89,71 

1.25 

1.13 

143 

51.54     ° 

01 

290.10     ° 

3°    0,65 

171.39 

'■47    0.41 

249,43     ^■4' 

0.15 

83.46 

'■25 

1.13 

144 

61.55     ° 

00 

290.39     ° 

^9    0.63 

169.92 

1-47    0.42 
1.48 

249.01     °^4^ 

0.14 

87.22 

1.24 
1.24 

1.15 

145 

51.55 

390.66 

\   0.62 
^^   0.61 

1C8.44 

0,43 

248.57 

0.14 

85.98 

1.16 

146 

51.55     ° 

00 

290.92+° 

166.96  — 

1-48   0,43 

248.12- °^45 
347.66     °-4^ 
347.18     °-4j 

0.14 

34.75- 

1,23 

i.n 

147 

51.55     ° 

00 

291.16     ° 

^4   0.60 

165.48 

1.48   0.44 

0.13 

83.62 

1.23 

1.19 

143 

51.54-° 

01 

291.38     ° 

^^    0,53 

164.00 

•■48    0.45 

0.13 

82,29 

1.23 

1,30 

149 

61.53     ° 

291.59     ° 

To  ^-^"^ 

163.52 

'■48   0.46 

246.69        49 

0.12 

81,07 

1.22 

1,49 

0,50 

150 

51.63 

201.79 

0,56 

161.03 

0,47 

2-46.19     „„. 

0,12 

79.86 

1.23 

151 

51.50—° 

02 

291.97+° 

■8    0.55 

159.54- 

'■49    0.48 

245.68 -°^  5  !^ 

0.12 

78.64" 

1.34 

152 

51.49     ° 

□  I 

292.13     ° 

'6   0,54 

158.05 

'■49    0,49 

245.15     °'53 

0.13 

77.44 

1.20 

1.26 

153 

51.47     ° 

03 

292.28     ° 

'S    0.53 

156.56 

'■49    0.60 
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55 

3.26 

334 

42.40     ° 

263.73     ° 

92 
93 

0.11 

57.43 

1.43 

178.69 

1.23 
'■23 

0,33 

11,73     ^ 

54 

2.27 

225 

42.17 

262.80 

O.U 

56.36 

i,i5 

1,44 

177.46 

0.34 

11.21 

2.29 

320 

41.94-° 

261.85"° 

95 
96 

0,11 

55,10" 

1,45 

176.32- 

-T.J4 

0.34 

10.70—° 

51 

2.30 

32T 

41.71     ° 

260.89     ° 

o,u 

53,96 

1,14 

1,47 

174.97 

1.25 

0,35 

10.20     ° 

K 

2,31 

228 

41.48     ° 

359,92     ° 

97 
98 

O.U 

53.83 

1,14 

1.48 

173.72 

;-f 

0  36 

9,73     ° 

48 

2.32 

229 

41.24     ° 

258.94     ° 

O.U 

51.69 

^■i3 

1.50 

172.46 

0.37 

9.35     ° 

47 
46 

2.34 

230 

41.00 

257.94 

0,11 

50.57 

1.51 

171,19 

1.27 

0.38 

8,79     „ 

2,35 

231 

40.76-° 

356.93-^ 

0,11 

49.46- 

1,52 

169,92 

-.1.27 

0.39 

8.35-° 

44 

2,36 

233 

40.52     ° 

35.'>.92     ^ 

01 

O.U 

48.37 

1.09 

1.54 

168.65 

1.27 
1.28 
1.28 

0.40 

7.92     ° 

43 

2.37 

233 

40.28     ° 

254:89     ^ 

03 

O.U 

47.28 

1.09 
1.08 

1.55 

167.37 

0,41 

7.50     ° 

42 

3.38 

234 

40.03     ° 

253.85     \ 

04 

0,11 

46.20 

1.57 

166,09 

0.42 

7,09     ° 

41 

2,39 

06 

1.07 

1.29 

39 

235 

39.78 

252.79 

O.U 

45.13 

1.58 

164.80 

0.42 

6.70 

38 
36 

2.41 

236 

39.53-^ 

25 

251.72-^ 

07 
.08 

O.U 

44,03- 

1.05 

1,60 

163.51 

-1.29 

0.43 

6.32  ~° 

2.43 

237 

39,28     ° 

35 

250.64     ^ 

0,13 

43.05 

1.03 

1,61 

162,22 

1,29 

0.44 

5.96     ° 

3.43 

23^ 

39.03     ° 

11 

26 

349.55     ^ 

.09 

0,13 

42.02 

1.03 

1,63 

160.92 

1,30 

0,45 

5,61     ° 

35 

2,44 

2S9 

38.77     ° 

248,45     ^ 

,10 

0,12 

41,00 

I.02 

1,64 

159.62 

1.30 

0,46 

5,27     ° 

34 
3^ 

2.45 

240 

38.51 

247.33 

0.12 

39,98 

1.66 

158,31 

0,47 

4,95 

2,46 
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TABLE  IX, 

Aeq,  2 

-Continued, 

Arg. 

(p.,s-.3) 

(«,c.3) 

[v.sA) 

{v.c.i) 

Cp-c.O) 

(p.S.l) 

(P.c.l) 

(p-S-2) 

(p-c.2) 

(p,s.3) 

(p.c.S) 

180 

10.01 

0.33 

0,62 

0,71 

611 

1855 

2810 

190 

178 

73 

28 

181 

9.93 

0.34 

0.62 

0,72 

604 

1869 

2807 

188 

180 

71 

28 

182 

9.85 

0.36 

0.61 

0,73 

598 

1882 

2804 

186 

183 

70 

28 

183 

9.78 

0.36 

O.fil 

0.75 

591 

1895 

3801 

184 

185 

69 

28 

18i 

9.70 

0,37 

0,61 

0.76 

584 

1908 

27  98 

182 

188 

6S 

28 

185 

9.63 

0.38 

0,60 

0.77 

577 

1921 

2794 

180 

190 

67 

29 

186 

9.55 

0.39 

0,60 

0.73 

571 

1935 

2791 

178 

192 

66 

29 

18T 

9.4T 

0.41 

0.60 

0.79 

664 

1948 

2787 

176 

195 

65 

29 

188 

9.40 

0,42 

0.60 

0,80 

557 

1961 

2783 

174 

197 

64 

39 

189 

9.33 

0,44 

0.59 

0,81 

551 

1974 

2779 

172 

200 

63 

30 

190 

9.26 

0,45 

0.59 

0,83 

544 

1987 

2775 

171 

202 

62 

30 

191 

9J9 

0.47 

0.69 

0.84 

538 

2000 

2771 

169 

205 

61 

30 

192 

9.12 

0.50 

0,59 

0.85 

531 

2013 

3766 

167 

207 

60 

30 

193 

9.05 

0.52 

0,59 

0.86 

525 

2025 

2762 

165 

210 

59 

31 

194 

8. 38 

0.54 

0,59 

0.87 

519 

2038 

2757 

163 

212 

58 

31 

195 

8.91 

0.56 

0,59 

0.88 

513 

2051 

2752 

161 

215 

57 

32 

L96 

8.84 

0.59 

0,59 

0,90 

506 

2064 

2747 

159 

218 

56 

32 

191 

8.78 

0,61 

0.59 

0,91 

500 

2076 

2742 

157 

220 

55 

32 

198 

8.71 

0.64 

0.59 

0.92 

494 

2089 

2737 

156 

223 

54 

33 

199 

8.65 

0.66 

0.59 

0.93 

488 

2101 

2731 

164 

225 

53 

33 

200 

8.59 

0.69 

0.59 

0,94 

483 

2113 

2726 

152 

228 

52 

34 

201 

8.53 

0.73 

0.59 

0.95 

476 

2126 

2720 

151 

331 

51 

34 

202 

8.47 

0.75 

0,59 

0.97 

470 

2133 

2714 

150 

233 

50 

35 

203 

8.41 

0.73 

0.59 

0,98 

464 

2150 

2708 

148 

236 

49 

35 

204 

8.3G 

0.81 

O.GO 

0,99 

459 

2163 

2703 

147 

239 

48 

36 

205 

8.30 

0-S4 

0.60 

1,00 

453 

2174 

2695 

146 

242 

47 

36 

206 

8.25 

0-8t 

0.60 

1.01 

447 

3186 

2689 

144 

244 

47 

37 

207 

8.19 

0.90 

0,61 

1.02 

441 

2193 

2683 

142 

247 

46 

37 

208 

8.14 

0.93 

0,61 

1.03 

436 

2210 

2675 

141 

250 

45 

38 

209 

8.08 

0.96 

0,61 

1.04 

430 

2223 

2668 

140 

253 

44 

39 

210 

8.03 

1.00 

0.62 

1,05 

425 

2334 

2661 

138 

256 

43 

39 

211 

7.98 

1.03 

0,63 

1,06 

419 

2245 

2654 

137 

259 

43 

40 

213 

7.93 

1.06 

0,62 

1.07 

413 

2257 

2646 

135 

262 

43 

41 

213 

7.88 

1.10 

0,63 

1,08 

408 

2268 

2639 

134 

265 

41 

42 

214 

7.84 

1.13 

0.63 

1.09 

402 

2280 

2631 

133 

368 

40 

43 

215 

7.79 

1.17 

0.64 

1,10 

397 

2391 

2624 

132 

271 

39 

43 

210 

7.74 

1.31 

0,64 

1,11 

393 

3302 

2616 

130 

274 

39 

44 

217 

7.70 

1.24 

0.65 

1.13 

386 

2313 

2608 

129 

277 

38 

44 

218 

7.65 

1.28 

0,66 

1.13 

380 

2324 

2600 

128 

280 

37 

45 

219 

7.61 

1.32 

0.66 

1.14 

375 

2335 

2592 

127 

283 

36 

46 

220 

7.57 

1,35 

0.67 

1,15 

370 

2346 

2584 

126 

386 

35 

46 

221 

7.53 

1.39 

0,63 

1.16 

364 

2357 

2575 

125 

289 

35 

47 

222 

7.49 

1,43 

0,69 

1.17 

359 

2367 

2567 

125 

292 

34 

47 

223 

7.45 

1.46 

0,69 

1.18 

354 

2378 

2558 

124 

295 

33 

48 

234 

7.41 

1.50 

0,70 

1.19 

349 

3389 

2550 

123 

298 

33 

49 

225 

7.38 

1.54 

0,71 

1.20 

344 

2399 

2541 

122 

301 

32 

60 

220 

7.34 

1,58 

0.71 

1.20 

339 

2409 

2533 

121 

304 

31 

50 

227 

7.31 

1.62 

0.72 

1.21 

334 

2420 

2523 

121 

307 

30 

51 

228 

7.28 

0.73 

1.22 

329 

2430 

2513 

120 

310 

30 

53 

229 

7.25 

l!70 

0.74 

1,23 

324 

2440 

2504 

119 

313 

29 

53 

230 

7.22 

1,74 

0,75 

1.24 

319 

2450 

2494 

118 

316 

28 

54 

231 

7,19 

1.78 

0.75 

1.24 

314 

2460 

2484 

118 

318 

38 

54 

232 

7.17 

1,81 

0,76 

1,25 

310 

3470 

2474 

117 

321 

27 

55 

233 

7.U 

1.85 

0.77 

1.95 

305 

2480 

2464 

116 

324 

27 

56 

234 

7.11 

1.89 

0.78 

1.26 

300 

2489 

2454 

116 

327 

26 

57 

235 

7.09 

1,93 

0,79 

1.27 

296 

3499 

2444 

115 

330 

25 

58 

236 

7.07 

1.97 

0  80 

1,27 

391 

2508 

2433 

114 

333 

25 

59 

237 

7.05 

2,00 

0,81 

1.28 

387 

2518 

2423 

114 

336 

24 

60 

238 

7.03 

3,04 

0,82 

1.28 

283 

2527 

2412 

113 

339 

23 

61 

239 

7.01 

2.08 

0.83 

1,29 

378 

2536 

2401 

113 

342 

22 

62 

240 

6.99 

2,12 

0.84 

1.30 

274 

2545 

2390 

113 

345 

21 

63 

31      July,  1873. 
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TABLE  IX,  Aro.  2 

— Continued. 

Arg. 

(v.c.O)    Diff. 

(«.s.l)  D 

CF.  Sccvar. 

(u.c.l)  Diff.  Secvar. 

(v.s.2)  Di£f.  S 

ec.var. 

(V.C.2)  Diff.  Secvar. 

340 

38.51 

247.33 

0.13 

39.98 

1.66 

158.31 

" 

0.47 

4.95 

2.46 

341 

38.25~° 

^"346.20  — 
'^'245.06 

■'3    0.12 

38.98-' 

98 

1.67 

157.00  — 

■31 

0.48 

4.64-° 

3' 

2.47 

342 

37.99     ° 

■^4-  0.13 

38,00     ° 

1.69 

155.69 

■31 

0.49 

4.34     ° 

30 

28 

2.48 

343 

37.73 

20 

343.91 

'11    0'13 

37.03     ° 

97 
96 
95 

1.70 

154.37 

■32 

0.50 

4.06     ° 

2.49 

344 

37.46     I 

27 
26 

242.75 

36.07     I 

1.71 

153.05 

■32 
■3^ 

0.51 

3.79     ° 

27 

2.50 

245 

37.20 

241.5T 

.a    0.13 
■''*    0.13 

35.12 

1.73 

151.73 

0.53 

3.54     „ 

2.51 

246 

36.93     I 

27 

240.39  ~ 

34.19—° 

93 

1,74 

150.40- 

33 

0..'i4 

3.30     ° 

24 

2.52 

34T 

36.66     ° 

27 

239.20 

■■9    0.13 

33.37     ° 

92 

1.75 

149.07 

■33 

0.55 

3.07     ° 

23 

3.53 

248 

36.39     ° 

27 

237.99 

■^^     0.14 

32.36     ° 

91 

1.76 

147.74 

■33 

0.56 

2.86     ° 

21 

3.54 

249 

36.12     I 

27 

236.77 

■11    O.H 

31.46     ° 

90 
89 

1.78 

146.41 

■33 
■34 

0.57 

2.66     I 

18 

2.55 

250 

35,85     . 

235.54 

30.57     , 

11 

85 
84 

1.79 

145.07 

■34 
■34 
■  34 
■34 
■35 

0.53 

2.48     _ 

17 

2.56 

251 

35.58  ~'° 

27 

234.30  — 

■'*  o.u 

29.70  ~° 

1.80 

143.73 

0.59 

2.31 

2.67 

253 

36.31     ° 

28 
38 
28 

233.05 

5    0.15 

28.84     „ 

1.83 

142.39 

0.60 

2.16     ° 

•5 

2.58 

253 

35.03     ° 

231.80 

5    0.15 
■.It    «■'« 

27.99     ° 

1.83 

141.05 

0.61 

2.02 

•4 
13 

2.59 

254 

34.75     I 

230.54 

27.15     p 

1.85 

139.71 

0.62 

1.89     I 

2.60 

255 

34.47 

28 
28 

28 

229.26 

0.16 

26.33 

81 

1.86 

138.36 

0.64 

1.78 

2.61 

256 

34.I9-* 

227. 98  ~ 

■»S    0.16 

25.52-° 

1.88 

137.01  — 

■35 

0,65 

l.G8~° 

08 

2.61 

257 

33.91     ° 

226.68 

■3°  o.n 

24.73    ° 

79 
78 

1.89 

135.66 

■35 

0.66 

1.60     ° 

2.62 

258 

33.63     ° 

225.37 

■31    O.IT 

23.95     ° 

1.91 

134.31 

■35 

0.67 

1.53     *' 

07 
06 

2.63 

259 

33.34     ^ 

29 

224.06 

■3'    0.18 

23.18     ° 

77 

1.92 

132.96 

■35 

0.68 

1.47     I 

2,64 

28 

■32 

75 

■35 

04 

2m 

33.06 

28 

322.74 

O.IS 

23.43 

1.94 

131.61 

0,69 

1.43     „ 

2.65 

261 

32.78"° 

221.41  — 

■33    0.18 

21.69-° 

74 

1.95 

130.26- 

ii 

0,70 

1.40 

03 

2. 66 

263 

33.49     "^ 

11 

220.07 

■34    0.19 

20.97     ° 

72 

1.97 

128.90 

0.71 

1.397° 

01 

3.67 

263 

32.31     ^ 

218.72 

■35     0.19 
■3<>    0.30 

20.26     ° 

71 

1.98 

127.55 

■35 

0.73 

1.40+° 

01 

2.67 

264 

31.92     ° 

29 
29 

217.36 

19.56     ° 

70 
68 

1.99 

126.20 

■35 
■35 

0.74 

1.42     ° 

°3 

2.68 

265 

31.63 

215.99 

18.88 

67 

3.01 

124.85 

0.75 

1.50+° 

2.69 

266 

31.34 

29 

214.62- 

■37    0.21 
■38    0.31 

18.21     ° 

2.02 

133.50 

:ll 

0.76 

°ol 

2.70 

361 

31.05     ° 

29 

213.24 

17.56     ° 

2.03 

122.14 

0.77 

1.56     " 

2.71 

968 

30. 7G     l 

29 

211.85 

■39    0.22 

16.92 

2.04 

130.79 

-35 

0.79 

1.63     ° 

07 

2,71 

269 

30.47     ° 

29 
29 

210.45 

■4°    0.22 
.40 

16.29     I 

3.06 

119.44 

■35 

0.80 

1-72     ° 

09 

2.72 

2T0 

30  18 

309.05 

15.68_„ 

60 

58 
56 

2.07 

118.09 

0,81 

1.82  ,^ 

1.94+° 

2.73 

271 

29.88 

3=^ 

207.64  — 

■4^     0.24 

15.08"° 

2.08 

116. 74- 

■35 

0,82 

12 

3.74 

272 

29.59 

29 

206.22 

■4^     0.24 

14.50     ° 

2.10 

115.39 

■35 

0.84 

2.07     ° 

'3 

2.74 

273 

29.29     ° 

3a 

204.79 

■43    0.25 

13.94     ° 

3.11 

114.04 

■35 

0.85 

2.21     ° 

'4 

16 
18 

2.75 

274 

39.00     ° 

29 
29 

203.36 

:il  »-^* 

13.39     ° 

55 
54 

2.13 

112.70 

■34 
■35 

0.87 

2,37     I 

2.75 

375 

28.71     „ 

201.92 

11    »-*li 

12.8?; 

2.14 

111.35 

0.88 

'?4+° 

2.76 

376 

28.41 

3° 

200.48- 

■44    0.2J 

12.33 

52 

2.15 

110.01- 

■34 

0.89 

'9 

2.77 

377 

28.12 

29 

199.03 

■45    0.27 
■4'    0.28 

11.83 

5° 

2.17 

108.67 

■34 

0.91 

2.95 

21 

2.77 

273 

2T.83 

29 

197.57 

11.34 

49 
48 
46 

2.18 

107.33 

-34 

0.92 

8.17     „ 

22 

2.73 

279 

27.54     ^ 

29 
29 

196.11 

10.86     Q 

2.20 

105.99 

■34 
-33 

0.94 

3.40     (, 

23 
25 

2.78 

280 

27.35     „ 

194.64 

10.40_. 

45 
43 

2.21 

104.66 

0.95 

3.65  ,- 
3.9l\ 

2.79 

281 

26.95     „ 

3° 

193.17  — 

■47    0.30 
't    "■81 

9.95     „ 

2.22 

103.33 

-33 

0.96 

28 

2.79 

282 

26.66     „ 

29 

191.69 

9.52     ° 

2,23 

102,00 

■33 

0,98 

4.19     „ 

2.80 

383 

26.36     I 

30 
29 
29 

190.20 

I0    •'■83 

9.10     ° 

42 
40 
39 

2.24 

100.67 

■33 

0.99 

4.48     . 

29 

3» 
32 

2.80 

284 

26.  OT     0 

188.71 

0.34 

8.70     ° 

2.25 

99,34 

■33 
■  3a 

1.01 

4.78     0 

2.81 

285 

25.78 

187.22 

8.31 

2.27 

98.02 

1.02 

^■lo  ,„ 

2.81 

25.48 

30 

186.72  — 

■S»    0.34 

7.94-° 

37 

2.28 

96.70  — 

■3^ 

1.03 

5.43+° 

33 

2.83 

387 

25.19 

29 

184.21 

■5"    0.35 

7.59     ° 

35 

2^29 

95.39 

■31 

].05 

5.78 

35 
36 

2.82 

388 

24.89 

30 

182.70 

■5'    0.36 

7.25     " 

34 

2.30 

94.08 

■31 

1.06 

6.14 

2.83 

289 

24.60     ° 

29 
29 

181.19 

■SJ    0.31 

6.93     ° 

3^ 
30 

2.31 

92,77 

■31 
■30 

1.08 

6.51     ° 

37 
39 

3.83 

290. 

24.31     „ 

179.67 

'^'    0.38 

6,63 

2.32 

91.47 

1.09 

6.90,, 

2.84 

291 

24.02-° 

29 

178.15  — 

■5'    0.39 

6.34—° 

29 

2.33 

90.17  — 

■3° 

1.10 

7.30+° 

40 

2.84 

292 

23.73     ° 

29 

176.63 

■i'    0.40 

6.07 

27 
26 

2.34 

88.87 

■30 

1.12 

7.72     ° 

42 

2.85 

203 

23.44     ° 

29 

175.10 

■53    0.41 

5.81     ° 

3.36 

87.58 

.29 

1.13 

8.15     ° 

43 

2.85 

294 

23.15     ° 

29 

173.57 

■53    0.42 
■"    0.43 

5.67     I 

24 

23 

2.37 

86.29 

.29 
.28 

1.15 

8.59     I 

44 
46 

3.86 

295 

llf,-l 

172.04 

5.34 

2.38 

85.01 

1.16 

9.06  , 
9.53+° 

2.86 

296 

29 
28 

170.60- 

■54    0.43 

5.13 

21 

2.39 

83.74- 

.27 

1.17 

47 

2.86 

297 

22.29     Z 

168.96 

■54    0.44 

4.93 

18 
16 
15 

2.40 

82.47 

.27 

1.19 

10.01 

49 

2.87 

298 

23.00 

29 

29 
29 

167.42 

■54    0.46 

4.75 

2.42 

81,20 

.27 

1.20 

10,51 

50 

2.87 

299 

31.71     Q 

165.88 

;54    0.46 

4,59     ° 

2.43 

79.93 

,27 
.26 

1.22 

11.02     ° 

51 
5.3 

2.88 

300 

21.42 

164.33 

0.47 

4.44 

2,44 

78,67 

1.23 

11.55 

2.88 
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TABLE  IX,  Aug.  2.— Continued. 


Arg.  iv.B.i)   I  (D.C.3)  I  (v.sA)  Uv.cA)  (p.c.O)  (p.s.l)  (p.c.l)!  (p.8.2)  (p.c.2)  (p.s.3)  (p., 


3.64 
2.6Y 
2.10 
2.73 
2.16 

2.T9 
2.82 
2.85 


5.05 
3.1)T 
3.09 
3.11 
3.13 
3.15 
3.1T 
3.19 
3.20 
3.22 
3,23 
3.35 
3.36 
3.2T 


3.30 
3.31 
3.32 
3.32 
3.33 
3.33 
3.34 
3.34 
8.85 

3.35 
8.85 
8.35 
3.85 
3.35 


0.84 
0.85 
0.86 
0.8T 
0,88 
0.90 
0.91 
0.92 
0,93 
0.94 

0.95 
0.96 
0,9T 
0.98 
0.99 

1.00 
1.03 
1.03 
1.04 
1.05 


1.01 
1.09 
1.10 
1.11 
1.12 
1.13 
1.14 
1.15 
1.16 


1.33 

1.34 
1.34 

1.35 


1.40 
1.41 
1.42 
1.42 


2T04 
2ni 
2nt 
2723 
2T29 
3735 
2740 
2745 
2751 

2756 
3761 
2766 
2771 
2776 
2781 
2785 
2790 
2794 


1.22 

133 

1.22 

131 

1.21 

129 

1.20 

121 

1.19 

12S 

1.18 

124 

1.11 

123 

I.IS 

131 

1.15 

119 

1.14 

118 

1.13 

116 

1.12 

115 

1.11 

114 

1.10 

112 

1.09 

111 

1878 
1864 
1849 
1835 
1820 
1805 
1791 
17T6 
1761 
1746 
1731 
1716 
1702 
1686 
1671 

1656 
1641 
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TABLE  IX,  Aro.  2 

—  Conlin  uf,d. 

"1 

Arj. 

(....0)    D 

iff. 

(<;.s.l)  D. 

ff.  SocTar 

(v.c.l)  Diff.  Sfc.tar 

(i,.s.2) 

Diff  S 

ce.var 

(..C.2)  Diff.  Secvar. 

300 

21.42 

164.33 

0,47 

4.44 

2.44 

78.67 

1.23 

11.65,      _     2 

.88 

301 

21.13~° 

29 
28 
28 

28 
28 

162.78- 

55- 

0.48 

4,31 '° 

'3 

2.45 

77.42 

-1,25 

1.24 

12.09+°-2'f    2 

88 

302 

20.85     ° 

161.23     ^ 

55 

0.49 

4.19     ° 

12 

2.46 

76,17 

1,25 

1.26 

12.64     °-55     2 

.88 

303 

20.57     ° 

159.68     * 

55 
56 
55 
56 

(1.6  0 

'4.09     ° 

08 
07 

2.47 

74,93 

1.24 

1.27 

13,21     °-5'    2 
13.79     ^;5»    2 

14.99+°-*'     2 

89 

304 

20.29     ° 

158.12     ^ 

0.61 

4.01     ° 

2.48 

73.70 

1,23 
1.23 

1.29 

.89 

305 

30.01 

28 
28 
z8 

156.57     , 

0.53 

3.94 

2.49 

72.47 

1.30 

.89 

b06 

]9.73~° 

155.01     ' 

0.54 

3.89     I 

05 

2.50 

71.25 

-1.22 

1.31 

.89 

SOT 

19.45     " 

163.46     ' 

56 

0.55 

3.86     ° 

°s 

2.61 

70,03 

1.22 

1.33 

15,61     °-r    2 
16.34     °^ll     2 
16.88     ^-J*    2 

.89 

308 

19.17     ° 

151.90 

0.56 

3.85     ° 

01 

2.52 

68,82 

1.21 

1.34 

^a 

309 

18.90     ° 

27 

150.34     ; 

0.57 

2-«*+o 

01 

2.53 

67.62 

1.20 

1.36 

90 

310 

18.63 

148.79 

56 
56 

0.58 

3.85  ,. 
3.88'^° 

2,54 

66.42 

1.37 

18,21+°f7     3 
18.90     °-^9     2 

90 

311 

18.36 

27 

147.23 

0.59 

03 
04 

06 
08 

2.55 

65.23" 

-1. 19 
1. 18 
1.18 

1.39 

90 

312 

18.09 

145,67 

0.60 

3.92     ° 

2.56 

64.05 

1.40 

90 

313 

17.83 

27 

144,12 

55 
56 
56 

0.61 

3.98     ° 

2.57 

62.87 

1.42 

19.60     °-l°     2 

90 

3U 

17.55     I 

27 
27 

142.56     J 

0.62 

4,0G     ° 

2.58 

61.70 

1.17 
1. 16 

1.43 

20.31    °;;^  2 

90 

315 

17.28 

141.00 

0.64 

4.16  , 

2.59 

60.54 

1.45 

21,03                2 

91 

316 

17.02—° 

26 

139.44—^ 

fe 

0.65 

4,27+° 

" 

2,69 

59.39 

-1-15 

1.47 

21.76+°-73    2 

91 

31t 

1C.75     ° 

27 

137.88     ^ 

0.66 

4,40     ° 

13 

2.60 

58.24 

i-iS 

1,48 

23.51     °-7S     2 

91 

318 

16.49     -^ 

26 

136.33     ' 

li 

0.67 

4.55     ° 

;i 

2,61 

67.10 

1. 14 

1.50 

23.27     °-7^    2 

91 

319 

16.23     ° 

26 

134.77     ' 

0.68 

4.71     ^ 

2.62 

55.97 

1. 13 

1.51 

24.04     °-77    2 

91 

26 

55 

18 

0.78 

320 

15.97 

26 

133.22 

0,69 

4-89  ,  „ 

2.63 

54.85 

1,53 

24.82        ^       2 

91 

321 

15.71-° 

131,67-' 

55 

O.70 

5,08+" 

19 

2.64 

53.74- 

-r.ii 

1.54 

26.62+°-°°    2 

91 

323 

15.46     ° 

25 

130,13     ^ 

55 

0.71 

5.29     ° 

21 

2.65 

53.64 

1. 10 

1.56 

26.42     °'°°    2 

91 

323 

16.21     ° 

25 

128.57     ' 

55 

0.73 

5.51     ° 

23 

2.65 

51.54 

1. 10 

1.57 

27.24     °-*^     2 

90 

324 

14.96     ° 

25 

127.02     ^ 

55 
54 

0.74 

5.75     ° 

24 
25 

2,66 

50.45 

1.09 
i.oS 

1.59 

38.07     °-^3     3 

0,85 
28.93                2 

90 

325 

14.71 

125.48 

0,75 

6,00  , 

2.67 

49.37 

1.60 

90 

326 

14.47-° 

24 

123,94—' 

54 

0.76 

6.27  ^"^ 

27 

2.68 

48,30- 

-1.07 

1.61 

29,77 -t-^-^S     2 

90 

32t 

14.23     ° 

24 

122.41     ^ 

53 

0,77 

6,56 

29 

2.69 

47.23 

1.07 

1.63 

30,63     ^-^"^    2 

90 

328 

13.99     ° 

24 

120.88     ' 

53 

0.79 

6.87     ° 

31 

2.69 

46.17 

1.06 

1.64 

31.51     0-88    2 

89 

339 

13.75    ° 

24 

119.35     J 

53 

0.80 

7.19     ° 

33 

2.70 

45.13 

1.04 

1.66 

32.40     °-^9    3 

89 

24 

S3 

33 

1.03 

33,30     ''■^°     2 

330 

13.51 

117,82 

0.81 

''■^^4.0 
7.87  + 

2.71 

44,10 

1.67 

89 

331 

13.23-° 

',■? 

116.-30 

52 

0.82 

35 

2.72 

43,07- 

-1.03 

1.68 

34,21+°-9'     2 

89 

332 

13.04     ° 

24 

114.78 

52 

0,84 

8.24 

37 

33 

2.72 

42.06 

l.OI 

1.70 

35.13     °-92    2 

89 

33a 

12.81     ° 

23 

113.26 

52 

0,85 

8.62 

2.73 

41.06 

l.OQ 

1.71 

36.06     °-93    2 

88 

334 

12.58     ° 

23 

111.74     I 

S3 

0,86 

9,02     ° 

40 

2.74 

40.06 

1.73 

37.01     °-95     2 

88 

23 

s» 

43 

0.99 

0.96 
37,97                2 

335 

12.35 

110.23 

0.88 

9.87  + 

2.75 

39.07 

1.74 

88 

336 

12.13~° 

32 

IO8.73- 

51 

0.89 

43 

2.75 

38.10-°-97 

1,75 

38.94+°-97    2 

88 

33t 

11.91     ° 

22 

107.22     ' 

50 

0.90 

10.33 

45 
46 
48 
49 

2.76 

37.14 

o.9t. 

1.77 

39.91     °-97    2 

88 

338 

11.69     ° 

22 

105.73 

49 

0.91 

10.78 

2.77 

36.19 

0-95 

1.78 

40.89     °-98    2 

87 

339 

11.47     I 

21 

104.24     J 

49 
49 

0.93 

11.26     I 

2.77 

35,24 

0-95 
0.94 

1.80 

41.89     '■°°    3 

87 

340 

11.26     „ 

103,75 

48 

0.94 

11.75,^ 
12.26  + 

3.78 

34.30 

1.81 

42.90                2 

87 

341 

11.05-^ 

21 

101.27^' 

0,95 

S^ 

3.78 

33.38- 

-0.92 

1.83 

43,92+^-°*    2 

87 

343 

10.84     ° 

21 

99,80     ; 

47 

0.97 

12.79     I 

53 

2.79 

32.47 

0.91 

1.84 

44.95     '-^a    2 

86 

343 

10.64     ° 

20 

98.33     ! 

47 

0,98 

13.33     ° 

?6 

57 

2.79 

31.67 

0.90 

1.85 

45.99     ^•°'t    2 

86 

344 

10.44     ° 

20 

96.86     [ 

47 
46 

1.00 

13,89     I 

2.80 

30.68 

0.89 
0.83 

1.87 

47,03     ^-"^    2 

86 

345 

10.24 

95,40 

1.01 

14.46  . 

2.80 

39,80 

1,88 

48.09           ,    9 

85 

346 

10,05  ~° 

19 

93.95—* 

45 

1.02 

15.05+° 

59 

60 
61 

2.81 

28.93 -°' 57 

1.90 

49,15  +  '°*    2 

85 

347 

9.85     ° 

^°'    92.50     ^ 

45 

1.04 

15,65     ° 

2,81 

28,08 

o.aj 

1.91 

50.23     '■°7     2 

85 

343 

9.66     ° 

In      ^'-^^     J 

44 

1.05 

16.26     ° 

2.82 

37,23 

0,85 

1.93 

51.30     ^■°^     2 

85 

349 

9.47     I 

'9     89.63     ' 

43 

1.07 

16.89     ° 

3.82 

26,39 

0,84 

1.94 

52.40     ^-'^    2 

84 

19 

43 

^^S 

0.83 

350 

9.28 

18 

88.21 

],08 

''■^*j,I 

66 
68 

69 

3.83 

35.67. 

1.96 

53.50  ,    '         2 

84 

351 

9.10~° 

86.79-' 

42 

1.09 

18.20+° 

2.83 

24,76'- 

-0.81 

1.97 

54.61+'-"     2 

352 

8.92     ° 

18 

85.38     ' 

41 

1  11 

18,88     ° 

2.84 

23,97 

0.79 

1.99 

55.73     '-'^     2 

83 

353 

8.74     ° 

83,98     ^ 

40 

1.13 

19.57     ° 

2.84 

23.18 

0.79 

3.00 

56.86     '-^3    2 

82 

354 

8.57     ^ 

17 
17 

82.58     ^ 

40 

1.14 

20.28     ° 

71 

7a 

2.84 

22.40 

0.78 
0.76 

2.01 

57.99     JJ3     2 
59.14                2 

82 

355 

8.40 

81.19 

3S 

1.15 

21.00  ,„ 

2.85 

21.64 

3.03 

81 

356 

8.23-° 

»7 
16 
16 
16 

79.81—' 

1.16 

21.74+° 

74 

2.85 

20.89" 

-0-7S 

2.04 

60.29+^-^S     2 

80 

35T 

8.0T     ° 

78.44     ^ 

37 

1.18 

23.49 

75 
76 
78 

3.85 

20.16 

0-73 

2.05 

61.45     '■'°    2 

80 

35S 

7,91     ° 

7T.07     I 

3e 

35 

3.19 

23.25 

3.85 

19.43 

('■73 

2,06 

62.62     '-'^    2 

79 

359 

7.75    ° 

75.71     J 

1.21 

24.03     ° 

2.86 

18,71 

0.72 
0.70 

2.08 

63.80     J-^°    2 

79 

300 

7.60 

74.36 

1.23 

§4,83 

2.86 

18.01 

2.09 

64.98                2 

78 
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TABLE  IX,  Arg.  ^.—  Conlinued.                                                       1 

Arg. 

{V.S.Z)   1 

iy.c.^) 

(..«.4) 

v.cA) 

Cp.c.Oj 

(p.S.l) 

(P.c.lj 

(p.s,2) 

{p-^.2; 

Cp.,^.3)  (p.K.3.| 

300 

6.92 

3.35 

1.43 

1.08 

110 

2848 

1581 

143 

512 

15 

133 

301 

6.92 

3.35 

1.43 

1,07 

109 

2849 

1566 

144 

515 

15 

134 

302 

G.93 

3.35 

1.44 

1.06 

108 

2849 

1551 

146 

511 

15 

135 

303 

G.93 

3.34 

1.44 

1.05 

107 

2850 

1535 

141 

519 

16 

137 

304 

6.93 

3.34 

1.45 

1.04 

106 

2850 

1520 

149 

522 

16 

138 

305 

6.94 

3.34 

1.45 

1.03 

105 

2850 

1505 

150 

524 

17 

139 

306 

6.94 

3.33 

1.46 

1.01' 

104 

2850 

1490 

152 

526 

17 

140 

301 

6.94 

8.33 

1.46 

1.00 

103 

2850 

1414 

153 

53S 

18 

141 

308 

6.94 

3.82 

1.41 

0,99 

103 

2850 

1459 

154 

531 

18 

142 

309 

6.95 

3.31 

1.47 

0.98 

102 

2849 

1444 

156 

533 

19 

143 

310 

6.95 

3.31 

1.47 

0.96 

103 

2849 

1429 

151 

535 

20 

144 

311 

6.95 

8,30 

1.47 

0,95 

101 

2848 

1413 

158 

538 

20 

145 

312 

6.95 

3.39 

1.48 

0.94 

101 

2841 

1398 

160 

540 

21 

146 

S13 

6.95 

3.38 

1.48 

0.93 

100 

2841 

1383 

162 

543 

22 

141 

314 

6.94 

3.27 

1.48 

0.92 

100 

2846 

1368 

168 

545 

23 

148 

315 

6.94 

3.26 

1,48 

0.90 

99 

2845 

1352 

165 

541 

24 

149 

316 

6.94 

3,25 

1.48 

0.89 

99 

2843 

1331 

167 

649 

24 

150 

3n 

6.94 

3,23 

1.48 

0.88 

99 

2842 

1322 

168 

551 

25 

151 

318 

6.93 

3.23 

1.48 

0.86 

98 

2840 

1307 

110 

554 

26 

152 

319 

6.93 

3.21 

1.48 

0.85 

98 

2838 

1291 

111 

556 

37 

153 

320 

6.92 

3,30 

1.48 

0.84 

98 

2836 

1276 

113 

558 

21 

154 

321 

6.93 

3,18 

1.48 

0.83 

98 

2834 

1261 

115 

560 

28 

155 

322 

6.91 

3,11 

1.48 

0.81 

98 

2831 

1246 

116 

562 

29 

156 

323 

6.91 

3.15 

1.48 

0.80 

98 

2828 

1231 

178 

564 

29 

151 

324 

6.90 

3.14 

1.48 

0.79 

99 

2825 

1216 

180 

566 

30 

168 

325 

6.89 

3,12 

1,48 

0.11 

99 

2822 

1202 

181 

568 

31 

159 

82fi 

6.88 

3,11 

1.48 

0.76 

99 

2819 

1181 

183 

510 

32 

159 

321 

6.81 

3,10 

1.41 

0.15 

100 

2815 

1112 

185 

572 

33 

160 

338 

6.86 

8.08 

1.47 

0.74 

100 

2812 

1151 

186 

573 

33 

161 

329 

6.85 

3.06 

1.47 

0.12 

101 

2808 

1143 

188 

515 

34 

162 

330 

6.83 

3.04 

1.46 

0.11 

101 

2804 

1123 

190 

511 

35 

163 

331 

6.82 

3,03 

1.46 

0.10 

102 

2800 

1113 

192 

519 

86 

164 

332 

6.81 

S.Ol 

1.46 

0.69 

103 

2796 

1098 

193 

581 

37 

165 

333 

6.19 

2.99 

1,45 

0.61 

103 

2192 

1084 

195 

583 

38 

165 

334 

6.17 

2.97 

1.45 

0.66 

104 

2188 

1069 

197 

585 

39 

166 

335 

6.15 

2,96 

1.44 

0.65 

105 

2784 

1054 

199 

581 

40 

161 

336 

6.74 

2.94 

1.44 

0.64 

106 

2179 

1039 

201 

589 

41 

168 

331 

6.72 

2.92 

1.43 

0.63 

107 

2775 

1025 

203 

591 

42 

169 

338 

6.10 

2,90 

1.43 

0.61 

108 

2770  .  1010 

204 

592 

43 

169 

339 

6.68 

2.88 

1.42 

0.60 

109 

2165 

996 

206 

594 

44 

170 

340 

6.66 

2.87 

1.42 

0,59 

no 

2160 

981 

208 

596 

45 

111 

341 

6.64 

2.85 

1.41 

0.58 

111 

2755 

907 

210 

598 

46 

171 

343 

6.62 

2,83 

1.40 

0.57 

112 

2150 

953 

212 

599 

47 

172 

343 

6.59 

2.81 

1.40 

0.56 

114 

2144 

938 

214 

601 

48 

113 

344 

6.51 

2.79 

1.39 

0.55 

115 

2739 

934 

211 

603 

49 

113 

345 

6.55 

2.78 

1,38 

0.53 

116 

2133  '  910 

219 

605 

50 

114 

346 

6.52 

2.16 

1.37 

0.52 

117 

2137 

896 

221 

606 

51 

174 

341 

6.50 

2.U 

1.36 

0.51 

119 

2131 

882 

223 

608 

52 

175 

348 

6.41 

3.72 

1.36 

0.50 

131 

2715 

868 

326 

610 

63 

176 

349 

6.44 

2.70 

1.35 

0.49 

122 

2709 

855 

228 

611 

54 

116 

350 

6.41 

2.69 

1.34 

0.48 

124 

2103 

841 

230 

613 

55 

111 

351 

6.31 

2.67 

].33 

0.47 

126 

2696 

828 

232 

614 

57 

117 

352 

6.34 

2.65 

1.32 

0.46 

138 

2689 

814 

285 

616 

58 

178 

353 

6.31 

2,64 

1.31 

0,45 

130 

2682 

801 

231 

617 

59 

118 

354 

6.28 

2.62 

1.30 

0.44 

132 

3675 

188 

339 

619 

60 

118 

355 

6,24 

2.60 

1.29 

0.43 

134 

2668 

715 

241 

620 

61 

179 

356 

6.21 

2.59 

1.28 

0.42 

136 

2660 

762 

244 

621 

62 

179 

357 

6.18 

2.57 

1.26 

0.41 

139 

2653 

149 

246 

623 

63 

180 

358 

fi.U 

2.56 

1.25 

0,40 

141 

2645 

136 

S48 

624 

64 

180 

359 

6.10 

2,54 

1,24 

0,39 

144 

2631 

123 

2.50 

626 

65 

180 

3eo 

6.01 

2,53 

3,23 

0.38 

146 

2629 

110 

252 

621 

61 

181  1 
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TABLE  IX,  Arg.  ^.—  Conlinued.                                                         [ 

Arg. 

(L-.c.O)    D 

ff. 

O.S.I)  Diff.  Socvar. 

u.c.l)  Diff.  Secvar- 

V.S.2)  Diff.  Scc.var. 

(o.c.3)  Diff.  Sec.var.| 

360 

1.60 

M-se    ,  ., 

1.23 

24.82        „      2.86 
35.63+3      2-^^ 
36.45        a      2.81 
31.29     °-%^.     2.81 
28.14     °°5     2,81 

18.01 

2,09 

64.98  , 

2.18 

361 

1.45  ~°- 

•5 

73.02"    34 

1.33 

11.33-° 

67 
66 
6S 
64 

2.10 

66.17  + 

^9 

3.11 

362 

7.30     °- 

IS 

11.69        33 

1.25 

16.66     ° 

2.13 

61,37 

zo 

2.11 

363 

1.15     °- 

IS 

10.31     '■''' 

1.26 

16.00     ° 

2.13 

68.58 

Zl 

2,76 

364 

1.01     °; 

14 
14 

09.05     ^-3^ 

1.28 

15.35     ° 

2.15 

69.19     J 

22 

2,75 

365 

6.87 

1.29 

29.00  .     '   „     2,88 
29,88+°-^^    2.88 

14.11_^ 

63 

61 
60 

2.16 

71.01  ,^ 
72.23+. 

2,74 

366 

6.74-°- 

13 

66.46--' 
66.18       ■', 

1.31 

14.09  *~ 

2.17 

32 

2.14 

36T 

6.61 

'3 

1.32 

30.78     °-5°    2.88 

13.48 

2.18 

13.46     ' 

^3 

2.13 

368 

6.48     '^• 

•3 

1.34 

31,69     °-9^     2,88 

13.88 

2.19 

14.10     ' 

24 

2.12 

369 

6.36     °- 

^ 

62.63     ,:,^ 
61.38     ,  „ 

1.35 

32.61     yi     2,89 
33,54                2,89 

12.39     ° 

59 
57 

3.21 

15.95     \ 

% 

2.11 

370 

6.24 

1.37 

11.72 

2.22 

77.21  ,, 
18.41+: 

z6 

2.71 

311 

6.13-°- 

12 

60.14    ,,: 

1.38 

34.49+°-y5     2,89 
35,45     °-9°    2.89 

11.11 

55 

2.23 

2,70 

313 

6.00     °' 

58.91     'W 

1.40 

10.63 

54 

2.25 

19.14     : 

27 

2.69 

373 

5.89 

5T.6S     ,'  ^ 

1.41 

36.42     °-^l    2.89 
31,40     °-^^    3.89 

10.10 

53 

3.26 

81.01     : 

27 

2.68 

374 

6.78     °- 

\\ 

56.46     jlg^j 

1.43 

9.59     ^ 

51 

50 

2.27 

82.28     \ 

27 
z8 

2.67 

315 

5.68 

55.26     ,  ,„ 

J. 44 

38.40       '         2.89 

9.09 

3.29 

83.56 

2.66 

316 

5.57— °' 

64.01--'9 
52.89     "' 

1.45 

39.41+'-°i     2,89 

8.60-° 

49 
48 
46 

3.30 

84.85+^ 

29 

2,66 

311 

5.41     °- 

10 

1.41 

40.43     '-^^     2.89 

8.12     ° 

2.31 

8C.14     ^ 

29 

2,65 

318 

5.38     °- 

09 

61.12  ;■;; 

1.48 

41.41     '-^^    2.89 

7.66     ° 

2.33 

87,43     ' 

29 

2.64 

319 

5.30     °- 

08 

60.51  ;-;s 

1.50 

42.52     ^-^S     3.89 

7,21     ° 

45 

3.34 

88.73     ^ 

30 

2.63 

08 

43 

31 

380 

5.22 

49.42 

1.51 

43.58       '         2.89 

6.18     ^ 

3.35 

90.04  , 

2.62 

381 

5.14 -''■ 

08 

48.29—3 

1.52 

44,65+''°7     2,89 

6.36"° 

42 

3.36 

91.35+^ 

31 

2,61 

382 

5.01     °- 

07 

41.11     ," 

1.54 

45,74     ^■°^     2.89 

5.96 

40 

2.31 

92.61     \ 

32 

2,60 

383 

4.S9     °- 

08 

46.00 

1.55 

46.84     ''^^     3.89 

5.67     ° 

39 
38 
36 

2.38 

93.99     I 

32 

2.59 

384 

4.91     °- 

08 

44.96 

1.57 

41.95     ^-'^     2.89 

6.19     ° 

2.39 

95.31     \ 

32 

2.58 

07 

1.09 

33 

385 

4.84 

*3.81     ,  „, 

1.58 

49.07  ,             2.89 

4.83 

2.40 

96.64 
97.97  + 

2.51 

38e 

4.11-° 

07 

-"" 

1.60 

50.20+^-^3    2.89 

4.48—° 

35 

2.43 

33 

2.51 

381 

4.11     ° 

06 

1.61 

51.34     ^-'^    2.88 
52.50     ^■'■^     2,88 

4,15 

33 

2,43 

99.30 

33 

2.56 

388 

4.65     ° 

06 

*o.o9  ;■„. 

1.G3 

3.83 

32 

2.44 

100.64 

34 

2.55 

389 

4.60     ° 

OS 

39.65     ;■"* 

1.64 

53,67     ^-^l     2,S8 

3.53     ° 

31 

2,45 

101.98     \ 

34 

2.54 

04 

1.18 

2<i 

35 

390 

4.56 

38.63     ,     , 

1.66 

54.85                2,88 

3,23 

2,46 

103.33  , 
104.68+^ 

2,53 

391 

4.53~° 

04 

31.62—      „ 

1,61 

56.04+^-^9     2.88 

2.96—° 

27 
26 

2.41 

35 

2.52 

392 

4.48     " 

04 

36.63     °-9' 
S5-65    "ts 

83.'1     „„, 

1.69 

51.25     '■^'     2.88 

3.70     ° 

2.48 

106.03     ^ 

35 

2.51 

393 

4.45     ° 

°3 

J. 70 

58.46     '^  "     2.81 

2.45     " 

25 

2.49 

107.38     1 

35 
36 
36 

36 
36 
37 
37 

2.50 

394 

4.41     ° 

04 
03 

1.71 

59.68     ^-^^     2.81 
60-91  ,,'         2.81 

2.22     ° 

23 
21 

2.50 

108.74     J 

2.49 

395 

4.38 

1.13 

2.01 

2.51 

110.10  ,  , 
111.46+J 

2.41 

396 

4.35-° 

03 

82.n"^'^l 

1.14 

62.15+^-'^    38^ 

1.81 

zo 

2,52 

2.46 

391 

4.33 

02 

81.85  "■'; 

1.15 

63.40     ^-^l     2.87 

1.G3 

19 

2.53 

113.83     ' 

2.45 

398 

4,31 

02 

8»M     ^t 

1,76 

64.67     ^-^l    2.86 
65.95     J-^°    2.86 

1.45 

17 

16 

2,54 

114.18     ' 

2.44 

399 

4.30     ° 

01 

80-03  ::i; 

29.14     „  a, 
*'.*2    I'B 
25'8    Js* 

1.18 

1.29     ° 

2.55 

115.55     \ 

2.43 

400 

4.29 

1.19 

67.23       ■         2.86 
68.52+^-^9    2.86 

l-l-t     „ 

2.56 

116.92  ,, 
118,29  + 

2.42 

40! 

4,28"^ 

01 

1,80 

1.01  ~° 

13 

2.57 

37 

2,41 

403 

4.28     I 

00 

1.83 

69.83     ;-3o    2.85 

0.90     ° 

^^ 

3.58 

119.66     \ 

37 
37 
38 
37 

2.40 

403 

4.28 

00 

1.83 

11.13     \-^\     2.85 

0.80     ° 

08 

07 

2.59 

121.03 

2.39 

404 

■4.29  , 

00 

1.85 

12.45     ^-3^    3.84 

0.12     ° 

2.60 

122,41     \ 

2.38 

405 

23.33    °-'' 

1.86 

13.18  ,        ^     2,84 

0.65 

2.60 

123,78 

38 
37 
38 
37 
37 

2.36 

iOfi 

4.30+° 

01 

1.88 

75,13+  -3;    2.84 

0.60 

05 

2,61 

125.16+' 

2.35 

401 

4.32     " 

02 

1,89 

16.41        •'5     2.83 
11.83     t-^'t     2.83 
19.19     J;^^    2.83 

0.56 

04 

2.62 

126.53     ; 

2.34 

408 

4.34 

02 

22.66     „■  J 
21.80     o]i 

1.91 

0.53     ° 

03 

2.63 

121.91     ' 

2.33 

409 

4.36     I 

03 

1.93 

0.52     ° 

00 

2.64 

139.38     \ 

2.32 

410 

4.39 

21,06 

1.94 

80.56  ,        „    2.82 

0.53 

2.65 

130.65  , 

2.31 

411 

4.42+" 

03 

20.33— °' '8 

1.05 

81.94+I-3S    2.82 

0.54+° 

oz 

2.66 

132.02+^ 

37 
38 

2.30 

412 

4.46     ° 

04 

19.62    °''" 
18.93     °°' 

18,25  "r 

1.91 

83.33     ^-39     2.81 

0.57     ° 

03 

2.67 

133.40 

3.29 

413 

4.50     ° 

04 

1.98 

84.13     ^■^°     2.81 

0.63     ° 

°S 
06 

2,61 

134.11     ^ 

37 

2.21 

414 

4.54     ° 

04 

1.99 

86.14     ^■'^^     2,80 

0.68     ° 

2.68 

136.14 

37 

°5 

0.67 

1. 41 

08 

37 

415 

4.59  , 

11.58        ,, 
16.93^'S 
16.80     °-'3 
15.61     "''S 

'"« oi; 

14.41 

2.01 

81.55  ,             2.80 

0,76  , 

2.69 

131.51  , 

2.25 

416 

4.64+« 

"I 

3.02 

88.91+  •■*      2.19 

0.85+° 

.09 

2.70 

138.88+^ 

37 

2.24 

411 

4,70     ° 

06 

2.03 

90.39     ^■''^     2.19 

0.96 

II 

2.71 

140.25     ^ 

37 

2,22 

418 

4.76     ° 

06 

2.04 

91.82     ^■'•3    2.18 

1.08 

12 

3.11 

141.63     ^ 

37 

2.21 

419 

4.82     ° 

2,06 

93,36     J  ^^    3.18 
94.11                2,77 

1.22     ° 

.1^ 

3.12  '143.99     J 

37 
^6 

2,20 

1  420 

4.88 

2.01 

1.31 

2.73  1 144. .■55 

2.19 
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TABLE  IX, 

Arg.  2. — Continued. 

Arg. 

(v.s.P.) 

iv.c.b) 

(V.S.4) 

(W.C.4) 

(p.c.O) 

(p.s.l)  (p.c.l) 

(p.«.2) 

(p.c.2) 

(p.8.3) 

(p.c.S) 

3B0 

6.07 

3.53 

1.23 

0.38 

146 

2629 

710 

252 

627 

67 

181 

361 

6.02 

2.51 

1.32 

0.38 

148 

2631 

697 

254 

638 

68 

181 

362 

5.98 

3.50 

1.21 

0.37 

151 

2613 

685 

256 

639 

69 

182 

3C3 

5.94 

2,49 

1.20 

0,36 

153 

2605 

673 

259 

631 

70 

182 

364 

5.90 

2.48 

1.19 

0.35 

156 

2596 

660 

261 

632 

71 

182 

365 

5.85 

2.46 

1.17 

0.35 

159 

2588 

647 

263 

633 

73 

183 

366 

5.81 

2.45 

1.16 

0,34 

162   2579  1 

635 

265 

634 

74 

183 

367 

5.76 

2.44 

1.15 

0.34 

164 

2670 

633 

367 

635 

75 

183 

368 

5.72 

2.44 

1.14 

0.33 

167 

2562 

610 

270 

636 

76 

183 

369 

5.67 

2.43 

1.12 

0.32 

170 

3553 

598 

272 

638 

77 

184 

3Y0 

5.63 

3.43 

1.11 

0.32 

173 

2544 

586 

274 

639 

78 

184 

an 

5.58 

3.41 

1,10 

0,31 

176 

2535 

574 

376 

640 

79 

184 

373 

5.53 

2.41 

1,08 

0,31 

180 

2536 

562 

379 

641 

SO 

184 

373 

5,48 

2.40 

1.07 

0.30 

183 

2516 

550 

281 

643 

81 

184 

374 

5.43 

2.39 

1.05 

0.30 

186 

2507 

539 

283 

643 

82 

184 

375 

5.38 

3.39 

1,04 

0.29 

190 

2498 

528 

285 

645 

83 

184 

376 

5.33 

2.39 

1.03 

0.29 

194 

2488 

517 

288 

646 

84 

184 

377 

5.28 

3.38 

1.01 

0,29 

197 

2479 

506 

290 

647 

85 

184 

378 

5.23 

2.38 

1.00 

0.28 

201 

2469 

495 

292 

648 

86 

184 

379 

5.17 

2.38 

0.98 

0.28 

205 

3460 

485 

294 

649 

87 

184 

380 

5.12 

2.38 

0.97 

0.28 

208 

2450 

474 

297 

650 

88 

184 

381 

5.07 

3.38 

0.96 

0,28 

212 

3440 

463 

299 

651 

89 

184 

382 

5.01 

2.38 

0.94 

0.27 

216 

2429 

453 

302 

652 

90 

184 

383 

4.96 

2.39 

0.93 

0.37 

320 

2419 

443 

304 

653 

91 

184 

384 

4.90 

3.39 

0.91 

0.27 

224 

2408 

433 

306 

654 

92 

184 

385 

4.84 

2.39 

0,90 

0.27 

228 

2397 

433 

309 

655 

94 

184 

386 

4.79 

2.40 

0.88 

0.37 

232 

2386 

413 

312 

656 

95 

184 

387 

4.73 

2.40 

0.86 

0.27 

236 

2374 

404 

314 

657 

96 

184 

383 

4.67 

2.41 

0.85 

0.37 

240 

2363 

394 

317 

657 

97 

183 

389 

4.61 

2.43 

0.84 

0.27 

245 

3351 

384 

319 

658 

98 

183 

390 

4.55 

2.43 

0.82 

0.37 

349 

3340 

375 

323 

659 

99 

183 

391 

4.49 

2.44 

0.81 

0.27 

253 

3328 

366 

324 

660 

100 

183 

393 

4.43 

2.46 

0.79 

0.27 

358 

2316 

357 

327 

661 

102 

183 

393 

4.37 

2.47 

0.78 

0.27 

262 

2305 

348 

329 

662 

103 

183 

394 

4.31 

3.48 

0.76 

0.2T 

266 

2293 

339 

332 

662 

104 

183 

395 

4.24 

3.49 

0.75 

0.37 

271 

2281 

330 

334 

663 

105 

182 

396 

4.18 

2.51 

0.73 

0.38 

276 

2269 

322 

336 

664 

106 

182 

397 

4.13 

3.53 

0.73 

0.28 

280 

2257 

313 

339 

665 

107 

182 

398 

4.06 

3.S5 

0,70 

0.28 

285 

3345 

304 

341 

666 

109 

181 

399 

4.00 

3.57 

0,69 

0.38 

390 

2232 

296 

344 

667 

110 

181 

400 

3.93 

2.59 

0.67 

0.29 

294 

2220 

288 

346 

667 

111 

181 

401 

3.87 

2.63 

0.66 

0.29 

299 

3307 

280 

348 

668 

112 

181 

403 

3.80 

2.64 

0.65 

0.30 

304 

2195 

273 

351 

668 

113 

180 

403 

3.74 

2.66 

0.63 

0.30 

309 

2183 

365 

3S3 

669 

114 

180 

404 

3.68 

2.69 

0.63 

0.31 

314 

3170 

358 

355 

669 

115 

180 

405 

3.62 

2,72 

0.60 

0.31 

320 

2157 

251 

358 

669 

116 

179 

406 

3.55 

2,75 

0.59 

0.31 

335 

2144 

244 

361 

669 

116 

179 

407 

3.49 

2.78 

0.57 

0.32 

331 

2131 

237 

363 

670 

117 

179 

403 

3.43 

2.81 

0.56 

0.33 

337 

2119 

230 

365 

670 

113 

178 

409 

3.36 

2.84 

0.55 

0.33 

342 

2106 

334 

368 

670 

119 

178 

410 

3,30 

2.88 

0,53 

0.34 

348 

2093 

317 

371 

670 

120 

178 

411 

3.24 

2.93 

0.53 

0.35 

354 

2080 

211 

373 

670 

121 

177 

413 

3.17 

2.95 

0.50 

0.36 

359 

2066 

205 

376 

670 

123 

177 

413 

3.11 

3,99 

0,49 

0.36 

365 

2053 

199 

378 

671 

123 

176 

414 

3.04 

3.03 

0.48 

0.37 

371 

2039 

193 

381 

671 

123 

176 

415 

2.98 

3.07 

0.46 

0.38 

377 

2026 

187 

382 

671 

134 

175 

416 

3.92 

3.11 

0.45 

0.38 

383 

2012 

181 

386 

671 

125 

174 

417 

3.85 

3,15 

0.44 

0.39 

389 

1998 

176 

388 

671 

126 

174 

418 

2.79 

3,20 

0.43 

0.40 

395 

1985 

170 

391 

671 

126 

173 

419 

2.73 

3.24 

0.41 

0.41 

401 

1971 

165 

393 

672 

127 

173 

420 

2.67 

3.29 

0.40 

0.42 

407 

1957 

160 

396 

673 

138 

™ 
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TABLE  IX,  Arq.  . 

.—Continued. 

Arg. 

(v.o.O)    Diff. 

(«.».l)  Dlt  SecTOi. 

(v.e.l)  Diff.  SecTar. 

(D.S.2)  Diff.  Secvar. 

(v.c.2)  Diff.  S 

ec.ar. 

420 

^■88  ,„„, 

14.4,         ,. 

2.07 

94.71  ,,   .. 

3.77 

1-3^  ,.-- 

2.73 

1*4-35  ,  ,    , 

2.19 

421 

4-95+°'^J 

i3.9o-°-s; 

2.08 

96.16  + 

:i 

2.76 

1.54+° 

'7 

18 

2.74 

H5.72+'-37 

2,18 

422 

5.10     "-"^^ 

13.36    "■" 

2.10 

97.63 

2,76 

1.72 

2,74 

147,09        37 
148.45     '-3* 

2,16 

423 

12.81     °-S* 

2.11 

99.09 

47 

2,75 

1,92 

20 

2,75 

2.15 

424 

12.28     °'^^ 

2.13 

100.56     I 

47 
48 

2.75 

2.13     ° 

22 

2,75 

149.80     J-35 
161.15  , 

2.13 

425 

5.2(5  , 

11.77 

2.14 

102,04 

48 

2,74 

3.35  , 

2,76 

2.12 

43G 

6-35 +"' 

10.80     °-*'° 

3.15 

103,52  + 

2.73 

3.59  + 

24 

3.77 

153.50+  -35 

3.U 

427 

*■"     o'oo 

2.17 

105,01     : 

49 

2-73 

2.84 

^5 

2,77 

153.84     '-34 

2.09 

428 

5.53     °-°9 

2.18 

106.50     ' 

49 

2.72 

S,ll     ° 

27 

28 

2,78 

156.19     ;-3S 

2.08 

429 

^■^3     OIO 

9.89        "l^ 

2.20 

108.00    : 

50 

2.72 

3.39     ^ 

2.78 

156.64        35 

2.06 

0.43 

5' 

30 

1-34 

430 

5.'3j_„  ,„ 

9.46    „  „ 

2.21 

109,51  ,^ 

3.71 

3,69  ,  „ 

2,79 

157.88  ,  ^  _ 

2,05 

431 

5.83+°-  ° 

"^  oil 

2.22 

111,02+; 

51 

2.70 

4,00+° 

31 

2,79 

159.99+;-34 

2,04 

432 

5.94    °-'' 

«■«*    oS 

2.23 

113.53   : 

51 

2.69 

4,33     ° 

33 

2.80 

160.65       -^l 

2,02 

433 

6.05    I' 

2.24 

114,04     ' 

51 

2.68 

4.67     ° 

34 

2.80 

161.88       -^^ 

2,01 

434 

6. It     °j2 

7.56 

2.25 

115.56     J 

52 

2.67 

5,02     I 

35 
37 

2,81 

163.20     J'3^ 

1.99 

435 

6.89  , 

2.27 

117.09 

2.66 

5,39  , 

38 

2,81 

164.52  , 

1.98 

436 

6.41+°-" 

7.23 -°-33 

2.28 

118.62  +  ^ 

53 

2.66 

5.77+° 

3.82 

165.84  +  '-32 

1.97 

437 

6.54     °'^3 

6.92    "■3' 

2.29 

120.16     ^ 

54 

2.65 

6,17     ° 

40 

2,82 

167,15     ''31 

1.95 

438 

e.6T    °'^3 

6.62    °-3? 
6.34    '•■'" 

2.30 

121.70     ^ 

54 

2,64 

6,58     ° 

41 

2.83 

168.46     '-3^ 

1,94 

439 

6.80    °"3 

2.31 

123.24     ^ 

54 

2.63 

7,00     ° 

42 

3.83 

169.76     '-3° 

1.92 

0.14 

□.27 

54 

44 

1.30 

440 

6.94  ,        . 

6.07 

2.32 

124,78  , 

2.63 

■f'i*  ,  . 

2.84 

171.06 

1.91 

441 

,.08 +".14 

5.82— °-^S 

2.33 

126.33  +  ^ 

55 

2.61 

7,89+° 

45 

2.84 

172.35+^-^9 

1.90 

442 

,.23    "■^4 

5.69     °-"3 

2.34 

127.88     I 

SS 

2,60 

8,36     ° 

47 
48 

3,85 

173.64     '-'9 

1.88 

443 

T.3T     °''S 

6.38     °-^^ 

2.36 

129.43 

55 

2.59 

8,84     "^ 

2,85 

174.93     ^-^l 
176.21     If 

1.87 

444 

T.52    °-^5 

6.18  °-'; 

2.37 

130.98     J 

P 

2.58 

9,33     ° 

49 

2,86 

1.85 

0.15 

0.18 

51 

445 

'■«'i      I. 

6.00 

2.38 

132,64  , 

56 

56 
56 

56 

57 

2.57 

9.84  , 

2.86 

177.48 

1.84 

446 

,53+0.16 
,55    0.J6 
8.15    "■■' 

8.31  ;;;« 

4.83-°' 

2.39 

134.10  + 

2.57 

10,36+° 

52 

2.86 

178.75+'-^7 
180.01     ^-^^ 

1.83 

447 

4.68    °-  S 

2.40 

135.66     ' 

2.56 

10.89 

53 

2.87 

1.81 

448 

4.65     "'"S 

2.42 

137.22     ' 

2,65 

11.44 

11 

57 

2.87 

181.26       -^5 

1.80 

449 

4.43    °  J^ 

3.43 

138.78     J 

2.54 

12,00     ° 

2,88 

182.61     J'^S 
183.75 

1.78 

450 

8.48  , 

4.33       '   „ 

2.44 

140,35  , 

2,53 

13.57  , 

2,88 

1.77 

451 

8.65+°'' 

4.35-°°! 

2.45 

141.92  +  ; 

57 

2.52 

13.16+° 

59 
60 
61 
62 
64 

2,88 

184.99+  -^^ 

1.76 

452 

8.S2    "-'l 
9.00    "■'% 
9.18    III 

3.46 

143.49     ' 

57 

2,51 

13,76 

2,88 

186.22     ;''3 

1.74 

453 

*■"  „2 

2.47 

145.06     ' 

57 

2.50 

14,37     ° 

2,89 

187.44     ;■" 

1,73 

454 

4.10     °°* 

2.48 

146.63     J 

57 
57 

2.49 

14,99     ° 

2,89 

188,66     III 

1,71 

455 

?:K+°- 

4.09 

2.49 

148,20  ,, 
149,77+, 

2.47 

15.63 
16.28  + 

65 
67 
68 
69 

70 

3,89 

189.87 

1,70 

456 

4  09     °'°° 

2.50 

57 

3.46 

2.89 

191.07  + 

1.69 

457 

»•"    %,l 

2.51 

151,34 

57 

2.45 

16.95     ° 

2.89 

192,27     ;,° 

1,67 

458 

"^    l,t 

*■"  oil 

2.52 

152,91     ; 

57 

3.44 

17.63     ° 

2.90 

193.46          I 
194,64     J-;^ 

1.66 

459 

10.30  ,„  ,„ 
10.50"^  ■° 

*■'»  ::»? 

2.53 

154.48     I 

57 
57 
57 
57 

2.43 

18.32     ° 

2.90 

1.64 

4G0 

l:33+°-°« 

2.54 

156,05  , 
157.62  +  ; 

2.42 

19.03  , 
19.73+° 

3.90 

1.63 

461 

2,55 

2.41 

71 

2,90 

196,98+;-^ 

198,14  ;-^ 

1,61 

462 

10.70    I    ° 

4.43 

2.66 

159.19 

2.40 

20.45 

2,90 

1.60 

4G3 

lO.ilO    °,° 

*-»-^        ^t! 

2.57 

160.76     , 

57 
57 
56 

9.39 

21.19     ° 

74 

2.90 

199.29       -'I 

1,58 

464 

1^-10     02° 

^■^^     -5 

2.58 

162.33     I 

2.38 

31.94     I 

75 
77 

9.90 

200,43     11^ 

1,57 

465 

11.31  , 

4.83  ,        , 
4.99+0.16 

2.59 

163.89  , 

56 
56 
56 
56 

2,36 

22.71  , 

2.91 

201.56 

1,55 

466 

11.53+°'^' 

2.59 

165.45  +  ' 

2,35 

23.48+° 

77 

2.91 

202,68  +  '" 

1,53 

467 

11.73     °-^' 

5.17     ^-^8 

2.60 

167.01     ' 

2,34 

24.27     ° 

79 
80 
8i 

2.S1 

203,79     ^■" 

1,52 

468 

11.94     °-^' 

5.37     "^-^^ 

2.61 

168.57 

2,33 

25.07     ° 

2,91 

204,90     ^'^ 

1,50 

469 

J2.15     III 

5.59     °-^^ 

2.63 

170,13     J 

2.32 

25.88     ° 

2.91 

206.00     ^-^ 

1.49 

0.23 

55 

Sz 

1.09 

470 

12.31  , 

^■^2^    ,. 

2.63 

171,68  , 

2.31 

26.70  , 

z 
I', 

3.91 

207.09  ,        ^ 

1.47 

471 

12.59+°-" 

6.07+°-'S 

2.64 

173.23  +  ' 

55 

2.30 

37.53+° 

2.91 

208.17  +  '-°^ 

1.46 

472 

12.81     °-^^ 

6.34     °-^J 
6.62     °-^^ 

2.65     174.78     ' 

55 

3.29 

28.37     ° 

2.91 

909.24     '-^^ 
210.30     '■'^° 
211.36     '■°* 

1.44 

473 

13.03    "■" 

2.65  ,176.33     ^ 

55 

2,27 

29.22     ° 

2.90 

1.43 

474 

13.26    "■'' 

6.91     °-^9 

2.66  |177.87     ^ 

54 

2,26 

30.09     ° 

2,90 

1.41 

0.23 

0.31 

54 

88 

1.04 

475 

13.49  ,„„ 

■^■32,.,, 

2.67  179.41 

2.68  ,180.95+^ 

2.25 

30.97  , 

89 

2.90 

212.40,  ,  „, 

1.40 

47fi 

13.73+°-'3 

7.55+°' 33 

54 

2.24 

31,86+° 

2.90 

2l3.43+^<^3 

J. 39 

477 

13.95    "'J 

7.90     °-3S 
8,26     °-3'5 

2.69 

182.48     ' 

53 

3.33 

32,76     ° 

90 

2.90 

314.45     ^■° 

1.37 

478 

14.18     °-!3 

2.69 

184.01     ' 

53 

2.21 

33,67     ° 

91 

2.89 

215,47     ^■°^ 

1.36 

470 

»■"  1:11 

14.65 

8.63     °-37 

2.70 

185,54     ' 

S3 

2,20 

34.59     ° 

92 

2,89 

216.48     '■°^ 
0.99 
217,47 

1.34 

480 

3.71  ''187.06 

2,19 

35.52 

2.89 

1.33 
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TABLE  IX, 

Ako.  2 

~Gm 

Inucd. 

Ai-g. 

(..s,3)  1 

(.,c.3) 

(«.s.4} 

Ci.,c.4) 

(p.cO) 

(,,,..1) 

(p.C.l) 

(P.s.3) 

(^.c.2) 

(p.s.3) 

(p.e.3) 

420 

" 
2.67 

3.29 

0.40 

0.42 

407 

1957 

100 

396 

672 

128 

172 

421 

2,61 

3.34 

0.39 

0,43 

413 

1943 

155 

399 

-  672 

129 

172 

422 

2.55 

3.39 

0.38 

0.44 

419 

1930 

150 

402 

G73 

129 

171 

423 

2.49 

3.44 

0.36 

0.45 

425 

1916 

146 

405 

673 

130 

171 

424 

2.43 

3.60 

0.35 

0.46 

431 

1903 

141 

407 

673 

131 

171 

425 

2.37- 

8.55 

0.34 

0,47 

43T 

1889 

136 

410 

673 

133 

170 

426 

2.31 

3.61 

0,33 

0.49 

443 

1875 

132 

413 

673 

133 

170 

427 

2.25 

3.66 

0.32 

0.50 

460 

1862 

128 

416 

673 

133 

169 

428 

2.20 

3.72 

0.31 

0.51 

456 

1848 

124 

418 

673 

134 

169 

420 

2.14 

3.73 

0.30 

0,52 

463 

1834 

120 

421 

673 

135 

168 

430 

3.08 

5.84 

0.29 

0.53 

469 

1830 

117 

424 

673 

136 

IGT 

431 

2.03 

3.90 

0.28 

0.54 

47S 

1806 

114 

426 

673 

136 

167 

432 

1.97 

3.96 

0.27 

0.55 

482 

1791 

111 

429 

673 

137 

156 

433 

1.92 

4.03 

0.26 

0.67 

489 

1777 

108 

432 

673 

138 

165 

434 

1.86 

4.10 

0.25 

0.53 

496 

1763 

105 

434 

673 

139 

165 

435 

1.81 

4.16 

0.24 

0.59 

603 

1748 

102 

437 

672 

139 

164 

435 

1.76 

4.23 

0.23 

0.60 

510 

1733 

100 

440 

673 

140 

163 

431 

1.70 

4.30 

0.22 

0.G2 

517 

1719 

98 

443 

673 

141 

163 

438 

1.65 

4.37 

0.23 

0.63 

524 

1704 

96 

445 

671 

143 

163 

439 

1.60 

4.45 

0.21 

0.64 

531 

1690 

94 

447 

671 

142 

161 

440 

1.55 

4.52 

0.20 

0.66 

539 

1675 

92 

450 

671 

143 

160 

441 

1.50 

4.60 

0.19 

0.G7 

546 

1660 

91 

453 

670 

144 

159 

442 

1.46 

4.67 

0.18 

0.68' 

563 

1645 

90 

455 

670 

144 

159 

443 

1.41 

4.75 

0.18 

0.70 

560 

1631 

89 

458 

669 

145 

158 

444 

1.37 

4.83 

0.17 

0.71 

567 

1616 

83 

400 

669 

146 

157 

445 

1.32 

4.91 

0,17 

0.73 

574 

1601 

87 

463 

669 

146 

156 

446 

1.28 

4.99 

0.16 

0.74 

582 

1586 

87 

466 

668 

146 

156 

44T 

1.24 

5,07 

0.16 

0.75 

689 

1571 

86 

468 

668 

147 

155 

443 

1.20 

5.15 

0.15 

0.77 

596 

1557 

86 

471 

667 

147 

154 

449 

1.16 

5,a4 

0.14 

0.79 

603 

1542 

86 

473 

667 

147 

153 

450 

1.12 

5,32 

0.14 

0.80 

610 

1527 

86 

476 

667 

148 

152 

451 

1.03 

5,40 

0.13 

0.82 

618 

1512 

87 

479 

666 

148 

152 

452 

1.04 

5,49 

0.13 

0.83 

625 

1497 

87 

481 

666 

149 

151 

453 

1.01 

5,57 

0.12 

0.85 

633 

1483 

88 

484 

665 

149 

150 

464 

0.97 

5,66 

0.12 

0.86 

640 

1468 

88 

486 

665 

149 

149 

455 

0.94 

5.75 

0.13 

0.88 

648 

1453 

89 

489 

664 

150 

148 

458 

0.91 

5.84 

0,11 

0.89 

656 

1433 

90 

492 

664 

150 

148 

457 

0.88 

5.94 

0.11 

0.90 

664 

1423 

92 

494 

663 

150 

147 

453 

0.85 

6.03 

0.11 

0.93 

G71 

1409 

93 

497 

663 

151 

146 

459 

0.82 

6.13 

0,10 

0.94 

679 

1394 

95 

499 

661 

151 

145 

460 

0.80 

6.33 

0.10 

0.95 

687 

1379 

96 

503 

661 

151 

144 

461 

0.77 

6.32 

0.10 

0.97 

695 

1364 

98 

505 

660 

151 

144 

462 

0.75  ' 

6.43 

O.IO 

0.99 

703 

1349 

100 

507 

660 

152 

143 

463 

0.73 

6.51 

0.10 

1.00 

711 

1835 

102 

510 

659 

152 

142 

464 

0.71 

6,61 

0,10 

1.03 

719 

1320 

106 

512 

65S 

153 

142 

465 

0,69 

6.71 

0,09 

1.03 

727 

1305 

108 

515 

657 

153 

141 

466 

0,68 

6.81 

0.09 

1.05 

735 

1290 

110 

517 

657 

153 

140 

467 

0,66 

6.91 

0,09 

1,06 

743 

1275 

113 

530 

656 

153 

139 

468 

0.64 

7.01 

0.09 

1.08 

751 

1261 

116 

533 

655 

153 

139 

469 

0.63 

7.11 

0.09 

1.10 

759 

1246 

119 

525 

654 

154 

138 

470 

0.62 

7.21 

0.09 

l.U 

767 

1332 

123 

528 

653 

154 

137 

471 

0.62 

T.31 

0,10 

1.13 

775 

1217 

127 

531 

652 

154 

136 

472 

0.61 

7.42 

0.10 

1.15 

784 

1203 

131 

533 

651 

165 

136 

473 

0.60 

7.53 

0,10 

1.16 

792 

1189 

135 

536 

649 

156 

135 

474 

0.60 

7.62 

0.10 

1.18 

800 

1175 

139 

539 

648 

155 

134 

475 

0.60 

7.73 

0.10 

1.19 

809 

1161 

143 

542 

647 

156 

133 

476 

0.60 

7.83 

0.11 

1.21 

817 

1147 

148 

545 

646 

156 

133 

477 

0.60 

7.94 

0.11 

1.33 

836 

1133 

153 

548 

644 

156 

133 

478 

0,60 

8.04 

0.11 

1.34 

834 

1119 

158 

561 

643 

156 

131 

479 

0,61 

8,15 

0.13 

1.25 

843 

1105 

163 

554 

642 

156 

130 

4S0 

0.61 

8.36 

0.12 

1.37 

851 

1091 

168 

656 

640 

156 

130 

32   July 

1873. 
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TABLE  IX,  Arg.  2.— Continued. 

Arg. 

(v.c.O)    J>itS. 

;r.s.l)  Diff.  Secvar, 

{v.c.l)  Diff.  Secvar. 

(y.s.rj  Diff.  Secvar. 

(U.C.2)  Diff,  Secvar, 

180 

14.65  , 

9.02  , 

2.71 

187.06,,,      2.19 

35.53  ,  „     . 

2.89 

317.47  , 

1.33 

48L 

14.89+° 

Z4 

9--*3+"1' 

2.72 

188.57+  ^^       2,18 

36.46 +°-94 

2.89 

218.46+° 

98 
96 

1.33 

482 

15.13     ° 

24 

^■85    °1! 

2.73 

190.08        51     316 

37.41     °-95 
38,37     yl 

39-3^  ::^8 

3.89 

219.44     ° 

1,30 

483 

15.37     ° 

^4 

10.29   „7; 

3.73 

191.59        5       2.15 

2.88 

220.40     ° 

1,29 

484 

lo.Gl     ° 

24 
34 

>»■"  o:S 

2.74 

193.09     J-S°     2.14 

2.88 

221.35     ° 

95 
94 

1.27 

485 

15.85  , 

11.21  ,        0 

2.74 

194.59  ,              3.12 

40.33  ,        „ 

2.88 

223.29  . 

48(> 

16.09+° 

24 

n.(i9+°'f 

3.75 

106.08  +  J-f     2.U 

41,33+°'99 

3.88 

223.22  + 

93 

L25 

487 

16.33 

24 

12.19  °r 

2.76 

197.57       'Zl    2.10 
199.05     ,  ;°    2.09 
200.53     [jt    2.07 

42.33          ° 

2,88 

234.13     ° 

9^ 

11 

1.23 

488 

16.58 

2S 

'2.n  „■;; 

2.77 

2,87 

325,04     ° 

1.22 

489 

16.83     I 

^5 
25 

13.24    °;»^ 
13.79 

2.77 

**-35  ,:o3 

2.87 

225.94     ° 

1.20 

490 

17.08 

3,78 

202.00           ,     2.06 

45.38  , 

3.87 

226.83  , 

1.19 

491 

17.33 +'> 

25 

U.86+°Sj 

2.79 

203.46  +  ^-+*!     3.05 
204.92     ^■4t>    2,03 

4G.43  +  ^-°4 

2,87 

327,71+° 

88 
87 
85 
84 

1.18 

493 

IT. 58     ° 

25 

U.D3     ^-S^ 

2.79 

47.46     ]-°j 

2.86 

228.58     ° 

1.16 

493 

17.83     ° 

25 

15..53     »•» 

2.80 

206.37     ^■'»5     2,02 

48,51     *-°5 

2.86 

229.43     ° 

1.15 

494 

18,09     ^ 

36 

16.13     °'' 

2.80 

207.81     ^■'f*    2.00 

49,68       -^J 

2.86 

230.27     *" 

1.13 

25 

0.52 

>-43 

1.07 

83 

495 

18.34 

16.15 

2.81 

209,24                1,99 

51.73+-°^ 

2.86 

231.10  , 

82 
81 

1.12 

496 

18.60-^° 

z6 

1,3, +0.64 

2.81 

210.6r  +  ^-*3     1.S8 

2.85 

331.92+° 

1.10 

497 

18.85     ° 

25 

18.M     "'5 

2,82 

213.09     '-42     J. 96 

52.83     ^■°5 

2.85 

233.73     ° 

1,09 

498 

19.11     ° 

26 

18.11     "'J 

2.82 

21.'S,50     ^-4'     1,95 

53,93 

2.85 

233.52 

79 
78 

1.07 

499 

19.36     ° 

^5 

19.39     °'''' 

2.83 

214.90     ^■'^°    1.93 

65.03     III 

2.84 

334.30     ° 

1.06 

26 

0.70 

1.40 

77 

500 

19.62 

30,09^ 

2.83 

216.30                1,93 

57,36+,  ,' 

2.84 

235.07  , 
2.%.  83  + 

76 

1.04 

501 

19.88+° 

26 

20.80+°-"^ 

2.83 

217.69+'-39     ].9i 
319.07     ^■3''     1.89 

3.83 

3.03 

502 

20.14     ° 

26 

21.52    °n 

2.84 

58.38     ',; 

2.83 

236,58     ° 

75 

1.01 

503 

20.40     * 

26 

22.26     "■" 

2.84 

230.44     ^-37     1.88 

59.52     ;■'* 

2.82 

237,31     ° 

73 

1,00 

504 

20.66     ° 

26 
36 

23-"l     in 

3.84 

321,81     ;;37     ].86 

60.67     Jj^ 

2.82 

238.03     I 

72 
71 

0.99 

505 

20.92 

llih^f 

2,85 

223,17,              1,85 

63.98+;-  ° 
64.14       -J 

3,81 

238.74  , 
239.44"^° 

0.97 

50fi 

21.18+0 

26 

2,85 

224.52+''35     1,84 

2,80 

70 
68 
67 
66 
65 

0.96 

507 

21.44     ° 

26 

'25.34     °-^9 
26.15        0 

2,85 

225,85     ''33     1.83 

2,80 

240.12     ° 

0.95 

508 

21.09     ° 

25 

2.85 

227.18     ^-33     1.81 

65.31           I 
66.49     \_\l 

2.79 

240,79     ° 

0.94 

509 

21.95     " 

26 

26 

2.86 

228.50     J-32     iTf, 

2.79 

241.45     ° 

0.92 

510 

22.21 

37.81  ,     Q, 

2.86 

229.81  ,]'ll     1.78 

68,87+  -'^ 
70.07     ,  ,, 
71.38 

2,78 

342.10  . 

242.73  + 

63 

65 

0.91 

511 

22.47+° 

26 

29.52     „  R« 

2.86 

231.11+'-3°     1.77 
232.39     ]-^l    1.75 
233.67     ;     ,     1.74 

2.77 

0.90 

512 

22.72     ° 

'I 

3.87 

2.T7 

243.36 

0,83 

513 

22.98     " 

26 

2.87 

2.76 

243.98     ° 

,^ 

0.87 

514 

23.24     ° 

0 

26 

25 

2.87 

234.94     J-^^     1.72 

73,49     j-^j 

2.76 

244.68     ^ 

58 

0.86 

515 

23.49 

^>:z 

2.83 

236.20,        .     1.71 
237.45+5     169 

74.93+  -" 

2.74 

245.16  ,. 
245.71 +. 

55 
55 
54 
53 
51 

0.84 

51G 

33.75+° 

26 

2.88 

2.74 

o,8y 

517 

24.00     " 

^5 

31.01     ^15 

3.88 

238,69           "^    1,68 

76.16       -^3 

2.73 

246.26     „ 

0,82 

518 

24.26     ^^ 

26 

3t.M     I1,t 

3.88 

339.93          3     1  (jg 

77.39        ,3 

2.72 

346.80     „ 

0,81 

519 

24.51     ° 

25 
25 

^"»  ::^§ 

2.89 

241.13     yII    1.65 

'8-fi3     lial 

2.72 

247.33     0 

0.79 

630 

24.76  , 

z6 

368«+o„ 
3».S3+°'' 

2.89 

2*2.33                1,63 
243.52+     ^     1,63 
344.70     ,  ',     1.60 

79.87 

8i,i3+;-^5 

2,71 

247.84  ,„ 

248.34+° 

0.78 

521 

25.02+° 

2,89 

2.70 

49 
47 
46 
45 

0,77 

522 

25.27 

■^5 

.38.83     °'' 

2,89 

82,37     ,'   ^ 

3.69 

348.83     „ 

0.75 

523 

25.52     ° 

25 

39.82     ,■   ^ 

2,89 

245.87       'll     1,59 

83.62     /J 

2.68 

249.30     „ 

0.74 

524 

25.77     I 

25 

40.83     jI^j 

2,89 

247,03     J;J°     1.57 

«*'«8     I'.lt 

2.67 

249.76     0 

0.73 

525 

26.02 

41.85  , 

2.89 

248,18                1.56 

86,14  , 
87.41+;-^| 
88.69     ]-f 
89.97     ;'^^ 
91.25     -J 

2.66 

250,21  , 
250.64+° 

0.71 

52fi 

26.27+° 

25 

42.88  +  "°3 

2.89 

249.31  +  ^-^3     1.55 

2,66 

43 

0.70 

527 

26.52     ° 

25 

43.93     ■"* 

2.89 

250.43     '-^^     153 

2.65 

261.06 

42 

0.69 

528 

26.76     ° 

24 

44. 9t        °i 

2.89 

351.53     ^■'°    1.52 

2.64 

251.47 

41 

0.68 

529 

27.00     ° 

24 

24 

'"'■\::i 

2.89 

253.63     ^■^'^    1.50 
1.09 

2.63 

251.86     ° 

39 
38 

0.66 

530 

27.24 

47,12  , 

2,89 

253.72,              149, 

92.54  ,,  _ 

93.83'^^'^9 

3.62 

252.24  . 

36 

0,65 

531 

27.48+° 

24 

48.31  +  ^-°9 

2.89 

254.79+'-°l     ].43 
255.85     '-"^    1.4S 

2.61 

252.60+° 

0,64 

532 

27.72     ° 

24 

49,31     ^'^° 

2.89 

95.12     ^'^9 

2.60 

262.95     ° 

35 

0.63 

533 

27,96     ° 

24 

50,42     ^-^ 

2.89 

256.90     ^-"S     1.45 

96.42     III 

2,59 

253,29     ° 

34 

0.62 

534 

28.19     ° 

23 

51.53     '■'' 

3.89 

357.93     •■°3     1.43 

97.72       '3° 

2,58 

253.61     ° 

32 

0.61 

23 

1-13 

1.30 

31 

535 

28.42 

52,66  , 

2.88 

258,95  ,  ^  _     1,42 

99.03  ,  ,  _ 

2., 58 

253.93 
254.22+° 

0.60 

536 

28.65+° 

23 

53.80+^'^4 

2.88 

359.96  +  ^-°^     1.40 

100.32+^-3° 

2,57 

30 
28 

0.58 

637 

28.88     ° 

23 

54.95     [-\l 
^^-2^     1.18 

2.88 

260.95     °-99     1.39 
361.93        ^^     1.37 

101,63     ^^i 

3.56 

254.50 

0,57 

538 

29,11     ° 

23 

2.88 

102  94     ^-3' 

2.55 

254.77 

27 

0.56 

539 

29,33     ° 

22 

3.83 

263.90     °'"     1.36 
263.85                1,34 

104,35     ;;3^^ 

2.54 

265.03     ° 

^S 

0.55 

640 

29,55 

58,45 

2,88 

105.56 

2.53 

255,26 

0.64 
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TABLE  IX,  Arq.  2.— Continued.                                                       i 

Arg. 

(v.s.d) 

(v.c.S) 

(U3.4) 

(v.cA) 

(p.c.O) 

(p.S.l 

(p.C.l) 

{p.8.3) 

(p.c.3) 

(p.s.3) 

(P.c.3) 

480 

O.fil 

8.36 

0.11 

1.37 

851 

1091 

168 

556 

640 

166 

130 

481 

0.63 

8.36 

0.13 

1.38 

860 

1076 

173 

559 

639 

156 

129 

482 

0.64 

8.47 

0.13 

1.30 

868 

1063 

179 

561 

637 

156 

128 

483 

0.65 

8.58 

0.13 

1.31 

877 

1049 

184 

564 

636 

156 

128 

484 

0.66 

8.69 

0.14 

1.33 

885 

1035 

190 

566 

634 

156 

127 

485 

0.67 

8.79 

0.14 

1.35 

894 

1021 

196 

569 

633 

156 

126 

486 

0.69 

8.90 

0.15 

1.36 

902 

1007 

302 

571 

633 

166 

125 

487 

0.71 

9.01 

0.15 

1.37 

911 

994 

208 

574 

630 

156 

124 

488 

0.73 

9.11 

0.16 

1.39 

919 

980 

214 

576 

639 

156 

124 

489 

0.75 

9.33 

O.IT 

1.40 

927 

966 

230 

579 

637 

166 

123 

490 

0.77 

9.33 

0.17 

1.43 

936 

953 

327 

581 

626 

156 

122 

491 

0.80 

9.43 

0.18 

1.43 

945 

940 

234 

584 

624 

156 

121 

493 

0.83 

9.54 

0.19 

1.44 

954 

926 

241 

586 

633 

166 

130 

493 

0.85 

9.65 

0.19 

1.46 

963 

913 

349 

589 

621 

166 

120 

494 

0  88 

9.75 

0.30 

1.47 

972 

900 

256 

591 

619 

156 

119 

495 

0.91 

9.86 

0.21 

1.49 

981 

887 

264 

594 

618 

156 

118 

496 

0.94 

9.97 

0.23 

1,50 

990 

874 

373 

596 

616 

156 

117 

m 

0.98 

10.07 

0.23 

1.51 

999 

861 

380 

599 

615 

156 

117 

498 

1.02 

10.18 

0.23 

1.53 

1008 

848 

288 

601 

613 

165 

116 

499 

1.06 

10.29 

0.24 

1.54 

1017 

835 

296 

604 

611 

156 

115 

500 

1.10 

10.39 

0.25 

1.55 

1026 

832 

304 

606 

610 

155 

115 

501 

1.14 

10.50 

0.26 

1.57 

1035 

810 

313 

608 

608 

155 

114 

502 

1.19 

10.60 

0.37 

1.58 

1014 

797 

321 

611 

606 

156 

114 

503 

1.24 

10.70 

0.28 

1.59 

1053 

785 

329 

613 

604 

154 

113 

504 

1.29 

10.81 

0.29 

1.60 

1063 

772 

338 

615 

603 

154 

113 

505 

1.34 

10.91 

0.30 

1.62 

1072 

760 

346 

617 

600 

154 

112 

508 

1.39 

11.01 

0.31 

1.63 

1081 

748 

355 

630 

598 

154 

112 

507 

1.44 

11.12 

0.33 

1.64 

1090 

736 

364 

632 

596 

154 

111 

508 

1-50 

11.22 

0.33 

1.65 

1099 

724 

373 

624 

594 

154 

110 

509 

1.56 

11.32 

0.34 

1.66 

1108 

712 

382 

626 

592 

163 

110 

510 

1.62 

11.42 

0.35 

1.6T 

1117 

700 

391 

628 

590 

163 

109 

511 

1.68 

11.52 

0.37 

1.68 

1126 

688 

401 

631 

588 

153 

109 

512 

1.74 

11,62 

0.38 

1.69 

1135 

677 

410 

633 

585 

153 

108 

513 

1.80 

11,71 

0.39 

1.70 

1144 

666 

420 

635 

583 

153 

108 

514 

1.87 

11,81 

0.40 

i.n 

1153 

654 

430 

637 

581 

163 

107 

515 

1-94 

11  91 

0.41 

1.72 

1162 

643 

440 

639 

578 

153 

106 

516 

2.01 

13.00 

0.42 

1.73 

1171 

632 

450 

643 

576 

153 

106 

517 

2.08 

12.09 

0.43 

1,T4 

1180 

621 

460 

644 

573 

152 

106 

518 

2.16 

12.19 

0.45 

1.75 

1189 

610 

471 

646 

571 

163 

105 

519 

2.33 

12.28 

0.46 

1.76 

1197 

599 

481 

648 

569 

152 

105 

520 

2.31 

12.37 

0.47 

1.77 

1206 

588 

492 

650 

566 

152 

104 

521 

2.39 

12.46 

0.49 

1.78 

1215 

577 

503 

652 

564 

153 

104 

522 

2,47 

12.55 

0,50 

1.79 

1224 

567 

514 

654 

561 

151 

103 

533 

2.55 

12.63 

0.51 

1.79 

1233 

557 

525 

656 

558 

151 

103 

534 

2.63 

12.72 

0.52 

1.80 

1242 

646 

536 

658 

556 

151 

103 

525 

2.71 

12.81 

0.54 

1.81 

1250 

536 

548 

660 

553 

151 

102 

526 

2.80 

12.89 

0.55 

1.82 

1259 

526 

559 

662 

550 

151 

102 

527 

2.88 

12.98 

0.57 

1.83 

1267 

517 

571 

664 

548 

160 

101 

528 

2.97 

13.06 

0.58 

1.83 

1276 

507 

583 

666 

545 

150 

101 

539 

3.06 

13.14 

0.60 

1.84 

1284 

498 

595 

668 

543 

150 

100 

530 

3.15 

13.23 

0.61 

1.85 

1293 

488 

607 

670 

540 

150 

100 

531 

3.24 

13.30 

0,63 

1.85 

1301 

479 

618 

672 

■  537 

150 

100 

532 

3.34 

13.37 

0.64 

1.86 

1310 

470 

630 

673 

535 

149 

99 

533 

3.43 

13,45 

0.65 

1.86 

1318 

461 

642 

675 

533 

149 

99 

534 

3.53 

13,52 

0.67 

1.87 

1327 

452 

654 

677 

529 

149 

98 

535 

3.63 

13,59 

0.68 

1.87 

1335 

443 

666 

678 

527 

149 

98 

536 

3.73 

13,66 

0.69 

1.88 

1343 

434 

678 

680 

524 

148 

98 

537 

3.83 

13.73  • 

0.71 

1.88 

1353 

426 

690 

682 

521 

148 

98 

538 

3.93 

13.80 

0.72 

1.89 

1360 

417 

702 

683 

619 

148 

97 

539 

4.03 

13.87 

0.74 

1.89 

1368 

409 

714 

685 

516 

148 

97 

540 

4.13 

13.93 

0,75 

1,90   1376 

401 

72S 

686 

513 

147 

97 
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TABLE  IX,  Aro.  ±— Concluded. 

Ai-g. 

(w.c.O)    DifF. 

(u.s.l)  DifF.  Sec.yar. 

v.c.l)  Diff,  Sec.var. 

i;.s.2)  Diff.  Socvar. 

(v.c.2)  Diff.  SL^c.var. 

540 

29.55,        , 

58.45  ,      ,0    2.88 
59.63+'-"*    2.88 

263.85  ,             l.M 

105-56  ,  T  „    2-^3 

255,26  ,             0.54 

641 

29.77  + 

264.79+° 

9+    1.33 

106.88+  -3^    2.53 

255.49+° 

'■>     0,53 

543 

29.  a9 

60.82     '-'9    2.88 

265,71     ° 

9^     1.32 

108.19       -3'     2.51 

255.70     ° 

11    0.53 

543 

30.21     °-^^ 

G2.02     '-^°    2.87 

206.62     ° 

9'     1.30 

109.51     III     2.50 

255.90     ° 

f°    0.51 

544 

30.43     °^l^ 

63,24     J-^^    2.87 

267.62     °; 

9°     1  St 
88       '^^ 

110.83     |;3^     2.49 
112.15  ,  ,  „     2.47 

256.08     ° 

ly    0.50 

545 

30.64  , 

64.46  ,              2,87 

268.40  , 

0       1.27 

256.25  , 
256.41+° 

,,     0.49 
t    0.48 
t    0.47 

,,     0-46 

546 

30.85''"  ■ 

65,fi9  +  '-^3     2.87 

269.27+°- 

V    '-26 

113.47+!-3^     2.46 

54T 

31.06     "" 

Cfi.93     I'l^    2.87 

270.13 

li    1-25 

114.80       'll    2.45 

256.55     °- 

548 

31.27     °"    ' 

68.18           I     2.86 

270.96 

116.12     ['11     2.44 

J56.68 

549 

31.47     l^ll 

69.43     j^l     2.86 

271.79     °- 

117.45     \'ll     2.43 

256.79     °" 

10    ^-^^ 

530 

31.67  , 

70.69  ,,  „     2,86 

272.60, 

80  !ii 

,«    1-29 
'?     1.18 

118.77,  ,  ,,     2.42 
120.09+,  ^,     2,41 

256.89 
256,98  + 

0.44 

551 

31-8^"^o"o 

71.96  "'■,;     2,86 

273.40+°- 

552 

32.06     I'll 

73,23     ,1     2,85 
74.51     /,„     2.85 

274,18     °- 

121.42     ,'ii     2,40 

257.05 

06     0-*3 

553 

33-25     III 

274.95     °- 

'?     l.lt 

122.74     [f.     2.39 
124.07     j:^^     2.38 

257.11 

0.41 
^1    *>-*" 

554 

22-**     o.\l 

75.80     l\ll    2.84 

275.70     °- 

»    l-'" 

257.15     °; 

555 

32.63  ,        „ 

77.10  ,             2.84 

276.44  , 

1.14 

125,39,             2.56 

257.18  ,^ 
257,20+°- 

0.40 

556 

32.99     °-'" 

78.40  +  '-3°    2.84 

277.16+°- 

r  1.18 

126.71+'-3^    2.35 

°^     0.39 

551 

79.71     '-3'     2.83 

277.86  ■°- 

1°  1." 

128.03     '-3'     2.34 

257.23     °- 

°°     0.33 

558 

33.17     °-^l 

81.03     '-^^     2.83 

278.55     °- 

'9    1.09. 

129.35       -3       2.33 

257.19^°- 

°'     0.37 
°3    0.36 

□4 

559 

33.35     °-^^ 
0.17 

82.35     J-3^     2.83 

279.33     °- 

g    "« 

130.67     \-f^    2.32 

257.16     °- 

5fiO 

33.52  ,        . 

83.68                2.82 

279.89 

,      1.06 

132.01  ,             2.31 

257.12 

0.35 

561 

33.69+°-'' 

85.01  "•■    33     2  83 

230. 54+°- 

'S    1.0.5 
'3    1.03 

133.33  +  '-3^     2.30 

257.07 

°5     0.34 

662 

33.86     °     ' 

86,35     ''■^'^    2.81 

281.17     °- 

134.65        32    2  29 

257.00     °- 

08    "-^^ 

563 

34.03     °-^l 

34.1,  I'll 

87.69       ■3;    2.81 

281.73     °- 

c    'oa 

135.97     I'll     2.27 

256.92     °- 

0.33 

564 

89.04     '-3^    2.80 

282.38     °- 

«  "' 

137.28     l^l     2.36 

256.82     °- 

;°    0.32 

566 

34.-35  ,        , 
34.51+°-^^ 
34.67     ^-^^ 

90.40,        ,     2.80 
91.76  ■'■^■3°    2.79 

282.97  . 

0.99 

133.60  ,  ,  „     2.25 
139.91  +  ;-3;     2.24 

256.71 

0.31 

5C6 

283.54+°- 

5'     0.98 

256.59 

,    0.30 
'*    0.29 

567 

93.13     [-^l     2,79 

284.09     °- 

ss  0.9, 

141.22     m     2.23 

256,45 

568 

34.82     °-'5 

94.50     '-3^     2.78 
95.88     ^"^g     2.78 
97.26           „     2.77 
93.64  "'''■^°     2.76 

284.63     °- 

f*    0.96 

142.54     ;l,     2.21 

256,30 

6    ''■''' 

569 

34,97     °-^5 

285.16     ° 

5f    0.94 

143.85     J  ^;     2.30 

256.14     ° 

Is  »-2« 

570 

35.12  ,        , 

285.67  , 

0.93 

145.16  ,,  ,^    2.19 
146.46+  -3°     2.18 

255.96 

,Q      "■2' 

■'    0.26 

5T1 

286.16  + 

It    »-»3 
♦'     0.89 

255.77"; 

572 

35.41     °    ■* 

100.03     --^^     2.76 

286.64     ° 

147,76     I'll    2.16 

255.57     ° 

^°    0.26 

673 

35.55     °-'^ 

101.42       -^5     2.75 

287.10     ° 

149.05        '9    2.15 

255.36     ° 

"    0.86 
3    '■'' 

574 

35.69     I'l'^ 

102.82     J"^°    2.75 

287.55     ° 

«    0.8, 

150.35     [f^     2.13 

255.13     ° 

575 

35.82  ,,, 
35.95+°-   3 

104,23  .             2.74 

287.98  , 

0,86 

151.64  ,,  ,„    2.12 
152.93+;'^^    2.11 

254,89 

26    "* 

576 

105.63+  -^°    2.73 

288.40+° 

Z     0-85 

254.63""° 

,,    0.23 

577 

36.08     °"'^ 

107.03     [l;     2.73 

288.80     ° 

^°     0.83 
^?     0.82 

154.22     I'll     2.09 
155.50       ■,.     2.08 

254,36     ° 

I    0.23 

578 

36.21     I'll 

108.44       -^      2.73 

289.18     ° 

254.08 

„    0.22 
^;    0.22 

679 

36.33     °^\l 

109.85     ^;^j     2.73 

289.55     ° 

,6    *''^'* 

156.77     \[ll    2.06 

253.79     ^ 

580 

36.45  , 

112.68  ■•"'■;,     2,70 

389,91  , 

,,     0.79 

158.05  ,^  ,_    2.05 
159.32  +  ,';     2,04 

253.48 

„    0.21 

f    0.20 
3|    0.20 

581 

36.67+''-'' 

290.25  + 

It    0,78 

353.16     _ 

582 

36.69     „,, 

114.10     ,;,     2,69 

290,57 

^,     0.77 

160.59       -J    2.02 
161.85     /,^    2.01 

252.83     „ 

583 

36.81     °-,, 

115.52     '■;,     2.68 
116.95     J;J^    2.67 

390.83     ° 

,^    0.76 

252,48     „ 

584 

36.93     l\^ 

291.18     ° 

11    0.75 

163.11     in    1.99 

252.12     ° 

585 

37.04 

118.38                2,67 

291.46  , 

-    0.73 

164.37  ,      „     1-98 

251.75 

0.19 

586 

37.15+°-" 

n9,81+'-43     2.(16 

391.72+° 

'^     0.73 

165.62+'-   5     1.97 

251.36"° 

39    0.18 
♦=    0.18 
*•    0.17 

587 

37.26     °-" 

121.24     '-"^3     2.65 

291.96     ° 

^"^    0.71 

166.87     '-'5     1.95 

250.96     ° 

588 

37.37     ^-^ 

122.67     '-''^     2.64 

292.19     ° 

^3     0,70 

168.11      '-^1    1.94 

250.55 

589 

87.48     °-J^ 

124.11     J-''^*    2.63 

292.41     ° 

11    0-69 

169.35     ll^t    1-92 

250.13     ° 

590 

37.58 

125.54  ,    '         2,62 

293.61 

„    0.68 

170.58  ,             1.91 

249.69     „ 

■"    0.14 
5° 

5ni 

g,fjg+O.IO 

136.98  +  '-4'^    2.61 

293.79+° 

'I    0.67 

171.81  +  '-^3     1.90 

249.34-° 

593 

37.78     °-J° 

128.41     ''j^     2.60 

392.96     ° 

'^    0.66 
'^    0.64 

173.03     '■"     1.88 

248,78     ° 

593 

129.85     ^-^^    3.59 

293.12     ° 

174.35     '-"     1.87 

248.31 

594 

37^98     '^\l 

131,29     |-*^    2,58 
132.73  ,             S.58 

393.36     ° 

\t    ^-^^ 

175.46     J-^J     1.85 

247.83     ° 

695 

38.03 

293.88 

0.63 

176.67,             1.84 

247.33 

,    »■" 

596 

38.18+°-'° 

134.17+'-'*'^    3,57 

293.49+° 

"     0.61 

177.87+            1.83 

246.82     ° 

«    »■" 

597 

38.27     °-°5 

135.61     '■'''^    2.56 

293,58     ° 

°l  .0.60 
■°'*    0.58 

179.07                1-81 

246.30     ° 

■SJ    0.13 
■53    0.13 

-.6    «-12 

593 

38.36     °-°9 

137.05     ^-^^    2.55 

293.66     ^ 

180.26          I     1,80 
181.44     \-\l     1.78 

245,77 

599 

38.45     °'°l 
38.54 

138.50     ^"*5     2.54 
139.94                2.53 

293,73     I 

■°l     0.57 

245.23 

1  600 

293.78          ''     0.56 

182,62       '         1.77  '1 244,67         "       0.12 
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TABLE  IX, 

Aeq,  2 

—Concluded. 

Arg. 

(u.s.3) 

iv.c.d) 

(v.s.i^ 

(v.c.i) 

(p-c-0) 

(P.s.l) 

(p.c.l) 

(p.s.2) 

(p.c.2^ 

(p.«.3) 

(9.C.3) 

540 

4.13 

13.93 

0.15 

1.90 

1376 

401 

126 

686 

513 

147 

91 

541 

4.23 

13.99 

0.16 

1.90 

1384 

393 

738 

688 

510 

147 

97 

542 

4.34 

14.05 

0.18 

1.90 

1392 

386 

151 

689 

501 

141 

96 

543 

4.45 

14.11 

0.79 

1.90 

1400 

378 

163 

691 

503 

146 

96 

544 

4.56 

14.11 

0.81 

1.91 

1408 

371 

716 

693 

500 

146 

95 

545 

4.67 

14.23 

0.83 

1.91 

1416 

363 

188 

693 

497 

146 

95 

546 

4.19 

14.28 

0.84 

1.91 

1424 

356 

801 

695 

494 

146 

95 

541 

4.90 

14.34 

0.85 

1.91 

1431 

349 

813 

696 

491 

146 

94 

548 

5.01 

14.39 

0.81 

1.92 

1439 

343 

826 

698 

487 

145 

94 

549 

5.12 

14.44 

0.89 

1.92 

1446 

336 

838 

699 

484 

145 

94 

550 

5.34 

14.49 

0.90 

1.92 

1454 

329 

851 

100 

481 

145 

93 

551 

5.35 

14.54 

0.92 

1.92 

1461 

323 

864 

102 

418 

145 

93 

552 

5.41 

14.58 

0.93 

1.92 

1468 

316 

871 

703 

475 

145 

93 

553 

5.58 

14.63 

0.95 

1.92 

1475 

310 

890 

704 

471 

144 

93 

554 

5.10 

14.61 

0.96 

1.92 

1482 

304 

903 

705 

468 

144 

92 

555 

5.82 

14.11 

0.98 

1.92 

1489 

298 

916 

706 

465 

144 

92 

550 

5.94 

14.15 

0,99 

1.92 

149G 

292 

929 

708 

462 

144 

92 

551 

6.06 

14.19 

1.01 

1.92 

1502 

287 

943 

709 

458 

144 

92 

558 

6.18 

14.82 

1.02 

1.92 

1509 

281 

956 

110 

455 

143 

93 

559 

6.30 

14.85 

1.04 

1.92 

1515 

276 

910 

111 

452 

143 

91 

560 

6.42 

14.88 

1.05 

1.92 

1522 

270 

983 

112 

449 

143 

91 

561 

6.54 

14.91 

1.01 

1.92 

1528 

265 

996 

113 

445 

143 

91 

662 

6.61 

14.93 

1.03 

1.92 

1534 

360 

1010 

114 

442 

143 

91 

563 

6.19 

U.9G 

1.10 

1.91 

1541 

255 

1023 

115 

438 

142 

91 

5G4 

6.91 

14.99 

1.11 

1.91 

1547 

250 

1036 

116 

435 

142 

90 

565 

1.04 

15.01 

1.13 

1.91 

1553 

246 

1049 

116 

431 

142 

90 

666 

1.16 

15.03 

1.14 

1.91 

1559 

242 

1063 

711 

428 

142 

90 

661 

1,29 

15.05 

1.16 

1.90 

1564 

338 

1016 

717 

424 

142 

90 

568 

1.41 

15.06 

1.11 

1.90 

1570 

234 

1089 

111 

421 

141 

90 

569 

1.54 

15.08 

1.18 

1.90 

1575 

230 

1102 

718 

411 

141 

89 

510 

1.66 

15.09 

1.20 

1.89 

1581 

336 

1116 

718 

413 

141 

89 

511 

1.19 

15.09 

1.21 

1.89 

1586 

223 

1129 

718 

410 

141 

89 

512 

1.91 

15.10 

1.23 

1.89 

1591 

219 

1142 

718 

406 

141 

89 

513 

8.04 

15.10 

1.24 

1.88 

1596 

216 

1155 

119 

403 

140 

89 

614 

8.16 

15.11 

1.26 

1.88 

1601 

213 

1169 

119 

399 

140 

89 

515 

8.29 

15.11 

1.21 

1,87 

1605 

210 

1182 

719 

395 

140 

88 

516 

8.42 

15.12 

1.29 

1.86 

ifiio 

201 

1195 

719 

393 

140 

88 

611 

8.54 

15.12 

1  30 

1,86 

1614 

205 

1208 

119 

388 

140 

88 

518 

8.61 

15.11 

1.32 

1,85 

1618 

202 

1221 

119 

385 

140 

88 

519 

8.80 

15.10 

1,33 

1,84 

1622 

200 

1234 

119 

381 

139 

88 

580 

8.93 

15.09 

1,34 

1.84 

1626 

198 

1348 

119 

378 

139 

88 

581 

9.05 

15.08 

1.35 

1.83 

1630 

196 

1261 

119 

314 

139 

81 

582 

9.18 

15.01 

1.36 

1.83 

1634 

194 

1214 

119 

371 

139 

81 

583 

9.31 

15.05 

1.38 

1.82 

1637 

192 

1288 

119 

367 

139 

87 

584 

9.43 

15.04 

1.39 

1.81 

1641 

191 

1301 

119 

364 

139 

81 

585 

9.56 

15.02 

1.40 

1.81 

1645 

189 

1315 

718 

360 

139 

81 

586 

9.68 

15.00 

1.42 

1.80 

1648 

188 

1328 

718 

357 

139 

81 

581 

9.81 

14.98 

1.43 

1.19 

1651 

186 

1342 

718 

353 

139 

81 

588 

9.93 

14.96 

1.44 

1.79 

1654 

185 

1356 

717 

350 

138 

86 

589 

10.06 

14.93 

1.45 

1.78 

1657 

184 

1369 

717 

346 

138 

86 

590 

10.18 

14.91 

1.46 

1.71 

1660 

183 

1382 

711 

343 

138 

86 

591 

10.31 

14.88 

1.48 

1.16 

1662 

182 

1396 

116 

339 

138 

86 

592 

10.43 

14.85 

1.49 

1.15 

1665 

182 

1409 

116 

335 

138 

86 

593 

10.55 

14.81 

1.50 

1.14 

1661 

181 

1422 

116 

332 

138 

86 

594 

10.63 

14.18 

1.51 

1.13 

1669 

181 

1436 

115 

328 

138 

85 

595 

10.80 

14.14 

1.52 

1.13 

1671 

181 

1448 

715 

324 

138 

85  ■ 

59(5 

10.92 

14.11 

1.53 

1.72 

1673 

181 

1461 

714 

321 

138 

85 

591 

11.04 

14.61 

1.55 

1.71 

1674 

181 

1414 

114 

311 

131 

85 

598 

11.16 

14.63 

1.56 

1.70 

'  1676 

181 

1487 

113 

313 

131 

85 

599 

11.28 

14.58 

1.51 

1.69 

1611 

183 

1500 

113 

310 

137 

85 

600 

11.40 

14.53 

1.58 

1.68 

1678 

182 

1513 

111 

306 

131 

85 
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TABLE  X,  Alto.  3— Action  op  Neptune. 

Arn;. 

(u.c.O)    DilT. 

(u..^.lj    Dili. 

(u.c.l)     Diff. 

(o.s.2)  Diir.(t>.c.2)  Diff 

(»>.s.3) 

(V.C.3) 

(U.S.4 

C..C.4) 

0 

93.96 

"■^'-LO    - 

34,22  , 

7.42           ,  3.95 
7.3(!-°-°f  3.82-°-^3 

0,80 

1.15 

—0.85 

—1.13 

1 

93.67"° 

^y 

0.08+° 

34.77+° 

55 

0,81 

1.16 

0.86 

1.14 

2 

92,38 

29 

1.10 

12 

35,31      ° 

54 

^3y     0.06 

3.70     °-'^ 

0.83 

1.18 

0.87 

1.15 

3 

92.01 

31 

1.23 

13 

35.85     ° 

54 

:j  23     -07 

3.58     °-^^ 

0.84 

1.20 

0,89 

1.16 

4 

91. 7t     I 

3° 
31 

1.38     ° 

^5 

3G.39     ° 

54 
53 

'■''     0:0? 

3.47    °;" 

0.86 

1.22 

0.91 

1.17 

5 

91.46 

1.70  + 

36.92  ,^ 

T-oi~ron 

3.36       '„ 

0.88 

1.23 

—0,93 

—1.18 

6 

91.15 

31 

17 
18 

37.44+° 

52 

3.25 

0.90 

1.24 

0.95 

1.18 

1 

90.84     ° 

31 

1.88 

37.96     ° 

52 

6.93     °-°9 

3.15         , 

0.91 

1.25 

0.97 

1.19 

8 

90.52     I 

32 

2,08     ° 

20 

38.48     ° 

52 

6.83     °'^° 

3.05 

0.93 

1.26 

1.00 

1.19 

9 

90.19     ^ 

33 

2.29     ° 

21 

39.00     ° 

52 

6.72    °;'° 

2.95     ^ 

0.95 

1.27 

1.02 

1.20 

33 

0 

51 

0.09 

10 

89.86 

2.51  , 

39.51 

6.61 

2.86 

0.97 

1.38 

—1.04 

—1.20 

11 

89.53—° 

33 

2,75+° 

24 

40.02+° 

51 

6.51—°-^° 

2.77 -°-°9 

1.00 

1.28 

1.06 

1.19 

13 

89.18     ° 

35 

2,99     ° 

24 

40.52     ° 

50 

6.40     °-" 

2.69     °-°° 

1.03 

1.29 

1.08 

1.19 

13 

88.83     ° 

35 

3.26     ° 

37 

41.01     ° 

49 

6.28     °-^' 

2.61     °°^ 

1.05 

1.29 

1.09 

1.18 

14 

88. 4T     ° 

36 

3.54     ° 

28 

41.50     ° 

49 

6.16     °'^^ 

2.54     °-°7 

1.07 

1.39 

1.11 

1.18 

38 

29 

49 

0.07 

15 

88.09 

3.83  , 

3o 

41.99  , 
42.47+° 

6,04 

2.47           ' 

1.09 

1.29 

—1.12 

-1.17 

16 

87.71     ° 

38 

4.13+° 

48 

6.91-°- ^3 

2.41-°'°^ 

1.12 

1.29 

1.13 

1.15 

17 

87.31     ^ 

40 

4.45 

32 

43.94     ° 

47 
46 

5.78     °-^3 

2.36     °°5 

1,14 

1.38 

1.15 

1.13 

18 

86.90     ° 

41 

4-78 

33 

43.40     ° 

5.64     °-^'* 

2.31     °-°5 

1,17 

1.27 

1.16 

1.12 

19 

86.49     ° 

5,13     I 

35 

43.86     ° 

46 

5.50     °-^4 

2.27     °-°4 

1,19 

1.26 

1,17 

1.10 

43 

36 

45 

0.14 

0.04 

20 

86.06 

5,49  ,„ 

38 

44,31  , 
44.74+° 

5.36 

2.23 

1.21 

1.25 

-1.18 

-1.08 

ai 

85.63     ° 

44 
46 

5,87  + 

43 

6.22— °-^4 

2.20 -°-°3 

1.23 

1.23 

1.19 

1.06 

22 

85.16 

6,36     ° 

39 

45.16     ° 

42 

5.08     °-''l 

2.18     °-°^ 

1.25 

1.23 

1.19 

1.03 

23 

84.69 

47 

6,67     ^ 

41 

45.58     ° 

43 

4.93     °-'S 

2.16~°-°^ 

1.27 

1.20 

1.20 

1.00 

94 

84.22 

47 

7.09 

42 

45.98     ° 

40 

4.78     °-'S 

3.16     °-°° 

1.29 

1.19 

1.20 

0.99 

50 

44 

40 

0.15 

25 

83.73 

7.53  , 
7.9S+° 

46.33  , 
46.77+° 

4.63 

2.16 

1.31 

1.16 

—1.20 

—0.97 

26 

83.22 

5° 

45 

39 

4.48-°- '5 

2.16  ,  °-°° 

1.33 

1,14 

1.19 

0.95 

21 

82.70 

52 

8.45     ° 

47 

47.14     ° 

37 

4.33     °-'5 

2.17 +°-°' 

1.35 

1.12 

1.19 

0.93 

28 

82.17 

53 

8.94 

49 

47.49     ° 

35 

4.18     °-'S 

4.03   °;;^ 

2.19 

1.36 

1.10 

1.18 

0.91 

29 

81.63     ° 

55 
57 

9.44     I 

5° 
51 

47.83     ° 

34 
33 

2.22     °-°^ 
0.04 

2.26  , 

1.37 

1.07 

1.17 

0.90 

30 

81.05 

9.95  , 

48.16  , 

3.87 

1.38 

1.05 

-1.17 

—0.89 

31 

80.48^ 

57 

10.48  + 

53 

48.47+° 

3' 

3_^2-o.i 

2  30+°-°'^ 

1.38 

1.02 

1.15 

0.88 

S3 

79.89     I 

59 
61 

11.02     „ 

54 
56 

43.76     ° 

29 
28 
26 

3.58     °-^+ 

2.35     °-°5 

1.39 

1.00 

1.13 

0.86 

33 

79.29     ° 

11.58     ° 

49.04     ° 

3.43     °-;5 

1.40 

0.97 

1.11 

0.85 

Si 

78.68 

12.15 

57 

49. .^0     ° 

3.28     °-'5 

3.48     °'°^ 

1.40 

0.94 

1.09 

0.84 

63 

58 

*5 

0.14 

0.07 

35 

78.05 

64 
65 
66 
68 
69 

12,73  ,„ 

60 
6i 

64 
65 

-49.55  , 

3-14 

2.55  ,  „  _ 

1.40 

0.91 

—1.09 

-0.83 

36 

77.41 

13,33+° 

49.77+° 

22 

3.01-°  ,3 

S-fii'^o'oo 

1.40 

0.88 

1.07 

0.83 

3T 

76.76 

13,94     ° 

49.93 

18 
16 

2^7     °-   ^ 

2.73     °-°9 

1.40 

0.85 

1.05 

0.83 

76.10    ° 

14.57     „ 

50.16 

2-^*     o'    3 

3.83     °"!° 

1.39 

0.82 

1.03 

0.82 

39 

75.42     I 

15.21     I 

50.33     ° 

2.61     °j^ 

3.94    °";j 

1.38 

0.79 

0.99 

0.81 

40 

74.73 

69 

15,86  ,„ 
16  53+° 

66 
67 
68 
69 
70 

50.46  , 
50.58+° 

3.49 

3.05  , 
3.17+°' 

1.37 

0.76 

—0.99 

—0.81 

41 

74.04 

12 

2,38 

1.35 

0.73 

0.97 

0.81 

43 

73.33     „ 

T 

17,19     ° 

50.63     ° 

08 

2.27     °" 

^■80     „,^ 

1.34 

0.70 

0.95 

0.82 

43 

72.61     „ 

72 
73 
74 

17,87     - 

50.76     ° 

3,17     °"' 

3-**     0    1 

1.33 

0.67 

0.93 

0.83 

44 

71.88     I 

18.56     0 

50-81  ^.° 

02 

2,07    °';° 

3-58     0:4 

1.30 

0.65 

tl.91 

0.83 

45 

71.14 

19,26  , 

50.83 

1.97 

3.73  . 

1.28 

0.62 

—0.91 

—0.83 

46 

70.39-^ 

75 
76 
76 

19.97+° 

71 

50.83     ° 

00 

],88-°°9  3.87+°-'5 

1.25 

0.60 

0.91 

0.84 

4t 

69.63     ° 

20.68     ° 

7' 

50.81-° 

02 

1.81     °°7 
1.75     °-°^ 
1.69     °-°^ 

4.03     °-^° 
4.19     °-^^ 

1.23 

0.58 

0.87 

0.86 

48 

68.87     ° 

21.40     ° 

72 

50.75     ° 

06 

1.20 

0.56 

0.86 

0.87 

49 

68.10     ° 

77 

22.13     ° 

72 

50.67     ° 

08 

4.36     °-^^ 

1.17 

0.54 

0.85 

0,88 

78 

73 

0.05 

0.17 

50 

67.33 

22.85  , 

50.57 

1.64 

4.71+°-^^ 
4.89     °'ll 
6.07     °'^ 
5.25     °-'° 

1.14 

0.52 

—0.84 

-0.90 

51 

66. 54—° 

78 

23.58+° 

73 

50.44-° 

»3 

1.61~°'°3 

I.JO 

0.51 

0.84 

0,93 

53 

65.75     ° 

79 

24,33     ° 

74 

50,29     ° 

15 

1.58     °'°3 

1.07 

0.49 

0.83 

0.94 

53 

64.96 

79 

25.06     ° 

74 

50.11     ° 

18 

1.56     °-°^ 

1.03 

0.48 

0.82 

0.96 

54 

64.16 

80 

35.79     ° 

73 

49.90     ° 

1.55     °°' 

1,00 

0.47 

0.81 

0,98 

81 

74 

24 

0.18 

S5 

63.35 

26,53  , 

49.66 

1.55  , 

5.43  , 

0.96 

0.47 

—0.81 

—1,00 

56 

63.54"^ 

81 

27.37+° 

74 

49.39-° 

27 
28 

1.57+°-°^ 

5.C3+O.I9 

0.92 

0.47 

0.81 

1,01 

51 

61.73     ° 

27.99     ° 

72 

49  11     ° 

1.59     °-°^ 

5.81     °-'l 
5.99     °'^^ 

6.36 

0.89 

0.47 

0.82 

1,03 

58 

60.93     ° 

81 

28.72     ° 

73 

48.79     ° 

32 

1.62"  °-°3 

0.85 

0.48 

0.82 

1,05 

59 

60.11     ° 

81 

29.45     ° 

73 

43-41     ° 

35 

'-'^^     lit 

0.81 

0.48 

0.83 

1,07 

fiO 

59.30 

80.17 

48.07       ■■" 

1.72 

0.77 

0  49 

—0.83 

—1.09 
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THE   ORBIT    OF   URANUS. 


TABLE  X,  Am.  Z.— Continued.                                                              1 

Arg. 

(v.o.O)    Diff. 

(tJ.8.1)    Diff. 

(u.c.l)    Diff. 

(U.S.  2)  Diff. 

(u.o.2)Diif. 

(..S.3) 

(0.0.3) 

(v.sA) 

{v.c.i) 

60 

59.30 

30.17  , 

48,07 

l.!3  .      ., 

?;S+°'- 

0.77 

0.49 

—0,83 

—1.09 

61 

58,49~° 

ai 

30.88+° 

71 

47,66 

41.J       +C.00 
4^,1.86     °'°^ 

0,73 

0.50 

0.84 

1,10 

fi3 

57.67     ° 

82 

31.59     ° 

71 

47,24     ° 

'-  o'; 

0,69 

0.52 

0.85 

1.11 

fi3 

56.86     ° 

81 

32,29     ° 

70 

46,79     ° 

45  1 1,95     °-°9 

0,60 

0.64 

0,87 

1.13 

64 

56.05     ° 

81 
8i 

32.97     ° 

68 
67 

46,31     ° 

^oi^'"^     "x° 

^■06     017 

0,62 

0.56 

0,88 

1.14 

65 

55.24 

33.64 

45.81 

3.16  , 

7.23  ,„    , 
7.39+°"' 

0,59 

0.59 

—0,89 

—1,15 

66 

54.44~° 

80 

34.30+° 

66 

63 
61 

45.28  ~° 

S3 '2  28  + 

0.55 

0,62 

0.91 

1.16 

6T 

53.64 

80 

34.95 

44.73     ° 

W'M^     oil 

'•54    „,i 

0.53 

0,65 

0.93 

J. 16 

6« 

52.84 

80 

f5,58 

44,16     ° 

V   2.55     °'    + 
68   3-'^     -'- 

'M     „,, 

0.50 

0.68 

0.95 

1.17 

69 

52.05     ° 

79 
79 

36.21     ° 

43.56     ° 

'•■"   oia 

0,47 

0.71 

0.97 

1.18 

10 

51.26 

36.82  , 

42.93 

8.08 +"■" 
8.20     „',, 

0.45 

0.75 

—0.99 

—1.19 

71 
72 

50.47     ° 
49.70     ° 

79 
77 

37.41+° 
37.98 

59 

57 

42,38~° 
41.62 

0,43 
0.41 

0.78 
0.82 

i!oo 

1.02 

1.19 
1.19 

73 

48.93     ° 

77 
76 

7+ 

38.53 

55 

40.94 

3.37     ^'.^ 

'■31     „„„ 

0.39 

0,87 

1.04 

1.18 

74 

48.17     ° 

39.06     j^ 

53 
5° 

40.23     ^ 

71 
72 

3-M  i:;^ 

B-"  :::? 

0.38 

0.91 

1.06 

1.18 

75 

47.43 

39.56 

39.51 

3.75  , 

'■■l'  .        . 

0.37 

0.96 

—1,08 

—1.18 

76 

4r;.69  ~° 

74 

40.05+° 

49 

38.77—° 

74 

8.%+°-" 

8  5,+o.oS 

0.30 

1,00 

1.10 

1.17 

17 

45.96     ° 

73 

40.53     ° 

47 

33.01     ° 

76 

4.16     °-^^ 

8.64    "■°7 

0.36 

1.05 

1.11 

1.16 

78 

45.34     ° 

72 

40.96     ° 

44 

37.33     ° 

78 

4.37     °-^' 

8.69     °-°S 

0.36 

1.10 

1.12 

1.15 

79 

44.53     ° 

72 

41.38     ° 

42 

36.44     ° 

79 

4.59     °" 

8.73     °°4 

0.36 

1.14 

1.13 

1.13 

;o 

40 

Si 

0.03 

80 

43.82 

41.78  , 

35.63 

1-81  ,„., 

8.76  , 

0.37 

1.18 

—1,14 

—1.12 

81 

43.14—° 

68 

42.16+° 

38 

34.81—° 

82 

5.02+°" 

8.77+°°' 

0.38 

1.23 

1.15 

1.10 

82 

42.46     ° 

68 

43.51     ° 

35 

33.98     ° 

83 

6.24     °'" 

8.78+°°' 

0.40 

1.28 

1.16 

1.08 

83 

41.80     ° 

66 

42.83     ° 

32 

33. 13     ° 

«^ 

5.47     °-'i^ 

8.77-°°' 

0.41 

1.32 

1.17 

1.06 

84 

41.15     ° 

43.13     ° 

29 
26 

33.28     ° 

g 

5.09     °'J 

8.75     °°^ 
0.03 

0.43 

1.36 

1.17 

1.04 

85 

40.52 

43.38  , 

31.43 

5.91  .    ' 

8.72 

0.46 

1.41 

—1.18 

-1.03 

86 

39.90—° 

62 

4.3.61+° 

23 

30.55—° 

87 

g    J3+0.22 

8.68-°-°* 
8.62    "■°« 

0.49 

1.45 

1,18 

1.01 

87 

39.30     ° 

60 

43.82     ° 

i8 
16 

39.68     ° 

87 
83 
89 
90 

6.35      ^^, 

0.52 

1.49 

1.18 

0.99 

83 

38.71 

59 

44.00     ° 

28.80     ° 

6.57 

"'     0:°' 
8.38 

0.55 

1.52 

i.n 

0.97 

89 

38.14     ° 

57 
S6 

44.16     ° 

27.91     ° 

^■^^     oil 

0.59 

1.56 

1  10 

0.95 

90 

37.58 

44.28 

27.01 

'■""i-  „ 

0.62 

1,59 

—1.16 

—0.94 

91 

37.04~° 

54 

44,33+° 

06 

21:. 12 

89 
89 

7.21+°" 

8.27 

0.66 

1.61 

1.15 

0.93 

92 

3.'S.52     ° 

52 

44.44     ° 

25.23 

'■*i  ;i^ 

8.15     °-^^ 

0.71 

1.64 

1.14 

0.91 

93 

36.03     ° 

50 

44.48+° 

04 

24.33 

90 

'■"     0    2 

8,02     °'^3 

0.76 

1.66 

1.13 

0.90 

94 

35.53     ° 

49 
46 

44.48     ° 

00 

33.43     ° 

90 
89 

'■"     0.18 

7,89    °;J^ 

0.80 

1.68 

1.12 

0.89 

95 

35.07 

44.46 

06 
08 

32.54 

89 
88 
87 
87 
87 

7.97  ,  „  ,, 

7.74           , 

7.58 

0,86 

1,70 

—1.11 

—0.88 

96 

34.02^° 

45 

44.40—° 

31.65 

K  ii+°-'7 
^-        0  16 
8.30     °-   ; 

0,90 

1.71 

1.10 

0.87 

97 

31.20 

42 

44.32     ° 

30.77     ° 

7.41         'i 

0.95 

1.72 

1.08 

0,86 

98 

33.79 

41 

44.20     ° 

12 

19.90     ° 

s*-'    0    = 

7,34  °-;^ 

1.00 

1.72 

1,06 

0.85 

99 

33.41     ° 

38 
37 

44.07     ° 

13 

17 

19.03     ^ 

8-60     0,^ 

7.05     I'll 

1.05 

1.73 

1,04 

0.84 

100 

33.04 

43.90_. 

18.16     „ 

1 

8z 
81 

'■"4-oM 

8.86+°  ■; 

6,85 

l.IO 

1.72 

—1.03 

-0.83 

101 

33.70 

34 

43.70"; 

20 

17.31     ° 

6,65~°'^° 

1.15 

1.72 

1.02 

0.83 

103 

33.38     " 

33 

43.47     ° 

:i 

]6.46     ° 

SI'     o„„ 

6.44       ■ 

1,21 

1,70 

1.00 

0.83 

103 

32.08     ° 

30 
28 
26 

43.21 

15.62 

»■««     000 

6.23       ■ 

1.26 

1,69 

0.98 

0.83 

104 

31.80-    ° 

42.92     I 

29 
31 

14.80     I 

8-15  °::i 

6.01     °"^2 

1,31 

1.07 

0.96 

0.83 

105 
106 

31,54_„ 
31.31  ~° 

23 

42.61     „ 
42.27     „ 

34 
38 

13.99 
13.20     „ 

79 
78 
76 

'■234.0  OJ 

5-T9_„,, 
5.57  ~°,, 

1.35 
1.40 

1.65 
1.63 

—0.95 
0,94 

—0.83 
0.84 

107 

31.11     ° 

20 

41.89     „ 

13.42 

»-35     "o5 
'■=»     °ot 

5.10     °-^* 

1.44 

1.60 

0.92 

0.85 

108 

30.93 

«9 
i6 

41.49 

40 

11,66     „ 

1.48 

1.56 

0,90 

0.86 

109 

30.76     ^ 

41,08     „ 

44 

-10,92     ° 

74 
73 

9.42  °:°^ 

4.87     pIj^ 

1.53 

1,53 

0.89 

0.87 

110 

30.62 

40.64 

10.19 

9.43  . 

4.64 

1.56 

1.49 

—0.88 

—0.88 

111 

30.51—° 

II 

40.17—° 

47 

9.49—° 

,0   944+0.O, 

66   J  „     0.02 
«-t,9.36     °-°* 

4.40 -°-*4 

1.59 

1.15 

0.87 

0.89 

113 

30.42     ° 

09 

39.68     ° 

49 

8.80     ° 

4,17     °''3 

1.62 

1.41 

0.80 

0.91 

113 

30.35     ° 

07 

39,16     ° 

52 

8.14     ° 

3.94     °-^3 

1.65 

1.37 

0.86 

0.93 

114 

30.30     ° 

05 

38.61     ° 

^l 

7,50     ° 

3.71     I'l^ 

1.67 

1.32 

0.85 

0,95 

s^ 

62 

0.05 

115 

30.28 

38,05 

58 
61 
62 
64 

6.83 

60 

'■31     ... 

3.48 

1.70 

1.27 

—0,84 

—0,96 

116 

30.29+° 

01 

37,47-° 

6.38—° 

9  24-°°7 

g   3g-0.22 

1,73 

1.22 

0.84 

0.97 

117 

.30.33     ° 

03 

36.86 

5.71     ° 

57 

9.17     °°" 

3.04     °'" 

1.73 

1.17 

0.84 

0.99 

118 

30.37     ° 

°5 

36.24     ° 

5.17     ° 

54 

9.08     °°9 

2.83     °-^^ 

1.74 

1.12 

0.84 

1.01 

119 

30.46     ° 

09 

35.60     ° 

4.65     ° 

52 

8.99     °°9 

2.61     °-^^ 

1.74 

1.07 

0,84 

1.02 

120 

30.56 

34.95 

4.16 

8.88 

2.41 

1.74 

1.03 

—0.84 

—1.04 
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THE    ORBIT    OF   URAXUS. 


TABLE  X,  Ago.  ^.—Continued. 

Arg. 

(u.c.OJ    Diff. 

(.,.8.1)    Dili' 

(v.cA)     Diff. 

i,u.8.2)  Diff 

(..».2)Diir 

(i;.8.3) 

(v.c.S 

(u.8.4j(i>.c.4)| 

120 

30.56 

34.95     ^  .„ 

4.16 

g"gg 

2.41- 

1.74 

1.02 

—0.84 

—1.04 

131 

30.70+° 

14 

84.27~° 

69 

3.69—° 

47 

8!76— °" 

2-21     „,„ 

1.74 

0.97 

0.84 

LOG 

122 

30.85     " 

^5 

33.58     ° 

3.26     ° 

43 

8.63     °-  3 

2.0a     °''' 

1.84  °-': 

1,73 

0.91 

0.85 

LOS 

123 

31.03     ° 

]8 

32.88     ° 

70 

2.85     ° 

38 
34 

8.49     °-''* 

1.73 

0,86 

0.86 

1.09 

134 

31.23     ° 

23 

32.15     ° 

73 
73 

3,47     ° 

8.34     °;j5 

'■«  o°:;2 

1,71 

0.81 

0.87 

1.10 

125 

31.46  , 

31.42 

2.13 

8.18           , 

8. 02-°';, 

1.51  „  „ 

1.70 

0,77 

-0.88 

—1.11 

126 

31.71+° 

^5 

30.67 

75 

1.81"^ 

32 

1.36~°^^ 

1.67 

0.72 

0.90 

1.13 

]2t 

31.98     ° 

27 

29.92 

75 
76 

1.53 

29 

26 

7.85     °-^ 
7.67    °': 

1.21     °^^ 

1.65 

0.68 

0  92 

1.13 

J28 

32.28     ° 

30 

29.16 

1.2G 

1.08     °'^3 

1.63 

0.63 

0.93 

1.13 

129 

32.61     ° 

33 
35 

28.39     ° 

77 
78 

1.03     ° 

23 

7.48     °j^ 

0.96    °;" 

1,59 

0.59 

0.94 

1.14 

130 

32.96  , 

27,60 

0.83 

16 

7.29     „ 

0.84 

1.56 

0.65 

—0.96 

-1.15 

131 

33.34+° 

38 

2G.82     „ 

79 

0.07     „ 

f  09  ~^' ,7 

o.t4  „  „: 

1.53 

0,51 

0.96 

1.15 

132 

33.74 

40 

26.03     ° 

79 

O-Oi     " 

13 

6.67     °-'     0.57     °°^ 

1.49 

0.48 

0.98 

1.15 

133 

34.16 

42 

25.24 

79 
80 
79 

0.44     ° 

10 

1.45 

0.45 

0.99 

1.15 

134 

84.60     ° 

44 
46 

24.44     ^ 

0,37     ° 

07 
04 

6.46   ^;^j 

»■"     0:0s 

1.41 

0.42 

1.01 

1.16 

135 

35.06  , 

23.65 

0.33 

6.25 

0.46 

1.37 

0,40 

—1.03 

—1.16 

13fi 

35.54+° 

48 

22.86-° 

79 

0,32-° 

01 

6.03—°-^^ 

0,41— 0.05 

1.33 

0.38 

1.05 

1.15 

137 

36.05     ° 

SI 

22.06     ° 

80 

0,35+° 

°3 

5.81     °-^^ 

0.38     °-°3 

1.28 

0.37 

LOG 

1.14 

138 

36.58     ° 

53 

21.27     ° 

79 

0,40     ° 

°5 

5.59     °-^^ 

0.36— °-°^ 

1.23 

0.35 

1.07 

1.13 

139 

37.13 

55 

20.48     ° 

79 

0.49     ° 

09 

5.38     "-^^ 

0.36    °°° 

1.18 

0.34 

1.08 

1.12 

57 

79 

140 

37.70 

19.69 

0,61  ,° 

5.16 

0.36  , 

1.13 

0.34 

—1.09 

—1.11 

141 

38.30+° 

60 

18.90—° 

79 

0.76+° 

15 

4.95 -°''' 

0.38+°°^ 

1.09 

0.33 

1.09 

1.09 

142 

38.93     ° 

62 

18.13     ° 

77 

0.94     ° 

18 

4.73     °-'^ 

0.41     °°3 

1.04 

0.34 

1.10 

1.07 

143 

39.55     ° 

6.^ 

17.36     ° 

77 

1.15     ° 

21 

4.52     °-" 

0.45     °°4 

1.00 

0.34 

1.11 

1.06 

144 

40.21     ° 

66 

16.60     ° 

76 

1.39     ° 

24 

^3^     0.21 

0.50     ''■°5 

0.95 

0.35 

1.12 

1.05 

67 

75 

27 

□  .07 

145 

40,88 

15.85 

1-66  , 

4.10 

0.91 

0.36 

—1.13 

-1.04 

146 

41.56+° 

68 

15.12-° 

73 

1.95+° 

29 

3.9Q— °-^° 

0.8G 

0.38 

1.13 

1.03 

141 

42.27     ° 

71 

14.39     ° 

73 

2.28     ° 

33 

3.7]     °'9 

0.82 

0.40 

1.13 

1.02 

148 

43.00     ° 

73 

13.67     ° 

72 

2.63     ° 

i 

3.52     °-'S 

0.82  °-°; 

0.78 

0.41 

1.13 

1.01 

149 

43.75     ° 

?c 

12.97     ° 

70 
69 

3.01     ° 

3.33     °-J| 

0.93     °-Jj 

0.74 

0.44 

l.U 

0.99 

150 

44.51 

12.28 

3.42  , 

3.15 

1.04  , 

0.71 

0.46 

—1.14 

—0.98 

151 

45.30+° 

79 

11.60—° 

68 

3.86+° 

44 
46 

2.98-°'^ 
2.82           f 
2.66     "'    , 

l.)6+°'" 

0.67 

0.50 

1.14 

0,9G 

162 

46.09     ° 

79 

10.94 

66 
64 
62 
60 

4.33 

1.29          3 

0.64 

0.53 

1.13 

0.95 

153 

46.90     ° 

81 

10.30 

4.80 

l-«    ^'  J 

0.62 

0.66 

1.13 

0.94 

154 

47.T3     ° 

S3 
84 

9.68     ° 

5.29     I 

49 

S3 

2.61     °-J5 

1-08    V,l 

0.59 

0.59 

1.12 

0,93 

155 

48  57 

9,08 

5.82  , 

2.37 

!:»+"; 

0.57 

0.63 

—1.11 

—0.92 

156 

49.43+° 

85 

8,49—° 

59 

6.36+° 

54 
S^i 

2.26 

0.65 

0.66 

1.10 

0.91 

157 

60.29     ° 

87 

7.92     ° 

57 

6.92     ^ 

2.13 

2.07  °'; 

0.53 

0.70 

1.09 

0.90 

158 

51. n 

7,37 

55 

T.51 

59 
61 
62 

2.01 

2.43  °;;* 

0.52 

0.74 

1.08 

0.89 

159 

62.07     ° 

90 
90 

G,84     ° 

53 
50 

8.12     ° 

1.91 

0.09 

0.51 

0.78 

1.06 

0.88 

IfiO 

52.97  , 

G.34     . 

8.74  ,„ 

65 
66 
67 
68 
70 

1-S2     „„o 
1-60     °-°f 

2.60  ,„  ,0 

0.50 

0.83 

—1.05 

—0,87 

101 

53.89+° 

93 

5.85 

49 
46 

9.39+° 

0.50 

0.86 

1.04 

0.87 

1G2 

54.82     ° 

93 

5.39     ° 

10.05     ° 

"••     oil 

0.50 

0.90 

1.03 

0.87 

103 

65.75     ° 

93 

4.95 

44 

10.72     ° 

3"     ^^ 

0.50. 

0.94 

1.02 

0.86 

164 

66.70     ° 

11 

4.54     Q 

41 
40 

11.40     ^ 

1-55  „:°5 

3.35  i:\i 

0.51 

0.97 

1.00 

0.86 

1G5 

57.66  , 

4.H 

12.10  , 

1.61 

3.55  ,      . 

0.62 

1.01 

—0.99 

—0.86 

IGO 

58.63+° 

91 

3.77—° 

37 

12.80+° 

70 

1.48-°-°3 

3.15+°-'° 

0.53 

1.05 

0  97 

0.87 

1157 

59.60 

97 
98 

3.42     ° 

35 

13.52     ° 

73 

1.46     °-°^ 

3.94     °'9 

0.54 

1-08 

0.96 

0.87 

108 

60.58 

3.10     ° 

32 

14,25     ° 

73 

1.45— °-°' 

4.14     °'^° 

0.56 

l.ll 

0.95 

0.88 

169 

61.57 

99 

■  2.80     ° 

3° 

16.00     ° 

75 

1.45  .  °-°° 

4.34    °-^° 

0.57 

1.15 

0.94 

0.88 

99 

28 

74 

+0.01 

0.19 

170 

62.56 

2.52 

15.74  , 

1.46  , 

4.53  , 

0.59 

1.18 

—0.93 

—0.89 

171 

63.56+^ 

□0 

2.27—° 

25 

10.49+° 

75 

1.48+°-°^ 

4.12+°-"9 

0.62 

1.31 

0.93 

0.91 

172 

64.56     ^ 

00 

2.05     ° 

22 

17.35     ° 

76 

1.51     °-°3 

6.09     °-"' 

0.65 

1.23 

0.91 

0.92 

173 

65.57     ' 

01 

1.84     ° 

21 

18.03 

77 

156     °-°+ 

0.67 

1.25 

0.90 

0.93 

174 

66.58     [ 

02 

1.67     ° 

17 
16 

18.78     ° 

76 

77 

^■^«     0:0^ 

5.23     °;;9 

0.70 

1.27 

0.89 

0.94 

175 

67.60 

1.51 

19.65  , 

l.GG  , 

^;«+o.,8 

0.72 

1.29 

—0.89 

—0.95 

176 

68.61+^ 

01 

1.38—° 

13 

20.33+° 

78 
76 

0.75 

1.30 

0.88 

0.90 

177 

69.63     ^ 

02 

1.27 

iJ 

21.09     ° 

tS     " 

0.78 

1.31 

0.88 

0.97 

178 

70.65     ' 

02 

1.19 

08 

21.86     ° 

77 

0.81 

1,32 

0.88 

0.98 

179 

71.67     ' 

1.13     ° 

06 

22.63     ° 

77 

J  j3     0,09 

6.12     °    5 

0.84 

1.33 

0.88 

0.99 

77 

0.15 

ISO 

72.G9 

1.03 

23.40 

2.0s 

G.27 

0  88 

1.34 

—0.88—1.00  1 
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TABLE  X,'Arg.  ^.^Coniinued. 

Arg. 
180 

(u.cO)    Diff. 

(■i!.s.l)     Diff. 

(..c.l)    Diff. 

(....2)  Diff 

{..C.3)  Diff 

(«.8.3) 

{v.c.-i 

(..s,4)j(«.c.4)| 

73.69 

1.08 

23.40  ,     • 

2.08  ,  „  _ 

6.27  , 

0.38 

1,34 

—0.83 

—1.00 

181 

73.71+;-°^ 

1'0TT° 

01 

24.17+° 

77 

2.20+° 

12 

6.42+° 

15 

0.91 

1.34 

0,88 

1.02 

182 

74.73     ,     ^ 

1.08  "•" 

01 

34.93 

75 
76 

2.31     ° 

^^ 

6.55 

13 

0,94 

1.34 

0.88 

1,03 

13^ 

75.75     ^■°^ 

I'll     ! 

03 

25.68 

2.43     ° 

12 

6.68 

^3 

0,97 

1.34 

0.89 

1.04 

184 

76.76     J'^J 

1.15     ° 

05 

26.43     ° 

75 

2.56     ° 

6.81     ° 

•3 

1.00 

1.33 

0,89 

1.05 

08 

74 

•3 

185 

77. 7T, 

].24  , 

37.17  , 

3.69 

1.93 

1.03 

1.33 

—0.90 

—1.06 

186 

78. TS"'"^'"^ 

134+° 

10 

37.90  + 

73 

2.83  + 

14 

7.04+° 

II 

1.06 

1.33 

0.9i 

1.06 

187 

^"■18  1:1° 

1.45     ° 

11 

88.03     ° 

73 

3.96 

13 

7.13 

09 

1.09 

1,31 

0,93 

L07 

188 

80.77     °-f 

1.59     ° 

'4 

29,34     ° 

71 

3.10 

14 

7.22     . 

09 
o3 

1.11 

1.29 

0.94 

1.08 

189 

81.76     °-'>'^ 
0.99 

82.75  , 

1.74     ° 

15 

30.05     ° 

7' 

3.25     ° 

15 

f'^O     o! 

1.13 

1.38 

0.95 

L09 

190 

1.91  , 

30.75  , 

68 
67 
65 
65 
64 

3-40  ,  „ 

7.37  , 

06 

1.16 

1.96 

-0.96 

—1.10 

191 

83.74+°-5^ 

2.10+°-'^ 

31.43  + 

3.55+° 

'5 

16 

7.43+°- 

1.18 

1.34 

0,97 

1.10 

193 

84.71   °;ll 

2.33 

££ 

32.10     ° 

3.71     ° 

7.48       ■ 

°5 

1.20 

1,22 

0,98 

1.10 

193 

85.65     °-95 

2.55     ° 

^3 

32-76 

3.86     ° 

^5 
16 
15 

7.53     °- 

°5 

1,21 

1,19 

0,99 

1.10 

194 

8«-"     III 

2.79     0 

24 

26 

33.41     ^ 

4,02     ° 

7.57     0' 

04 
03 

1.23 

1.17 

1.00 

1.10 

195 

87.56  , 

3.05 

34.05  , 

4.17  , 

7.60  , 

1.24 

1.15 

—1.01 

—1.11 

196 

.  88.50  H  °-94 

3.33+° 

28 

34.67+° 

62 

4.33+° 

16 

7.63+°- 

02 

1.25 

1.13 

1.01 

l.ll 

191 

89,42     "-92 

3.62     ° 

29 

35.27     ° 

60 

4,49     ° 

16 

7.63+°' 

01 

1,26 

1.09 

1.02 

1.10 

198 

90.34     °'92 

3.93     ° 

31 

35.86     ° 

59 

4,154     ° 

IS 

7.63     °- 

00 

1.37 

1.07 

1.03 

LIO 

199 

91.34     °-9° 

4.25     "^ 

3^ 

36.43     ° 

^l 

4.79     ° 

15 

7.62^°- 

01 

1.27 

1.04 

1.04 

1.10 

0.90 

33 

56 

15 

200 

93.H  ,      ^^ 

4.58  , 

3B.99  , 

4.94 

7.60 

1.02 

-1.05 

—1.09 

201 

93,02+°-f 

4,92+° 

34 

37.53  + 

54 

5.09+° 

»s 

7.57  ~°- 

03 

1^23 

1,00 

1.05 

1.08 

202 

93.89     °-2 
94.74     °;l\ 
95.59     °-^5 

5.23 

3S 

33.05     ° 

5^ 

5.23     ° 

14 

7,54     °- 

°3 

1.28 

0,97 

1.06 

1.07 

303 

5.65     ° 

37 

38.56     ° 

51 

5,37     ° 

14 

7.50     °- 

04 

1.27 

0.94 

1.07 

1.06 

304 

6.03     ° 

38 
39 

39.04     ° 

48 
47 

5.51     ° 

14 
13 

7.40     °- 

04 

05 

1.26 

0.93 

1.03 

1.05 

205 

96.41     °*/ 

B.42  , 

39.51  , 

5.64  ,  ° 

7,41 

1.25 

0.89 

—1.09 

—1.04 

20fi 

97.23+°-"^ 

e.8i+° 

39 

39.96+° 

45 

5.77+° 

13 

7,35-°- 

06 

1.24 

0,87 

1.09 

1.04 

SOT 

98,02     °-?9 

7.22 

41 

40.40 

44 

5,89     ° 

7.38     °- 

07 

1.23 

0,85 

1,09 

1.03 

20S 

98.81     °-79 
99.57     °-^^ 

7.64     ° 

42 

40.81     ° 

41 

6,01     ° 

12 

7.21     °- 

07 

1.33 

0.83 

1,09 

1.02 

209 

8.06 

42 

41.31 

40 

6,12     ° 

7.13 

08 

1.31 

0,81 

1.09 

1.01 

°-75 

43 

37 

08 

210 

100.32 

8.49  , 

41.58' 

36 

6.32  .'^ 

7.05 

1,19 

0,79 

—1.10 

—1.00 

211 

101.06 +°'7'* 

8.93+° 

43 

41.94+° 

6,32+° 

10 

6.83"'°' 

=9 

1,17 

0  7T 

1.10 

0.99 

212 

101.78     °'7^ 

9.36 

44 

42.28 

34 

6.41     ° 

09 

6.8".     °' 

10 

1,15 

0,76 

l.Oi) 

0.98 

213 

103.48     ^'^^ 
103.17     °j9 

103.84  ,      , 
104.49+°-^3 
105.13     °'p 
106.73     °'^^ 
106.33     ''■^° 

9.80     ° 

44 

43.59 

3' 

6.50     ° 

09 

6.76     °' 

10 

1,13 

0,75 

1.09 

0.97 

214 

10.24     ^ 

44 
45 

42,89     Q 

30 
29 

26 

6-58     ° 

oS 

6.CC    °; 

° 

1.11 

0.73 

1.09 

0.97 

215 

lO.f.9  , 

43.18  ,^ 

6.65 

06 

6.56 

1.09 

0.72 

-1.08 

—0.96 

216 

11.14"''° 

45 

43.44+° 

6.71+° 

6.45^°- 

II 

1,06 

0.71 

1.08 

0.96 

2U 

11.59 

45 

43. B8     „ 

24 

6.77     ° 

OJ 

6,33     °- 

a 

1.04 

0.70 

1.07 

0.95 

218 

13.04     ° 

45 
46 

43.90     „ 

22 

6.82     ° 

05 

G.32     °- 

II 

1.02 

0.70 

LOG 

0  94 

219 

12.50 

44.11     ^ 

6.87     ° 

05 

6,11     °- 

1.00 

0.70 

1.05 

0.93 

^■57 

45 

18 

04 

0. 

220 

106.90  ,      _ 

13,95  ,_ 

46 

44.39  ,  „ 

16 

''■SI  ,^ 

5.99 

0.93 

0.70 

—1.04 

—0.92 

221 

107.45 +°-55 

13.41^ 

44.45+^ 

6,94+° 

03 

5.87^- 

^ 

0.95 

0.70 

1,04 

0,93 

222 

107.99     °'5* 

13.86     ° 

45 

44.60     „ 

15 

6,96     ° 

02 

5.76     „■ 

' 

0.93 

0.70 

1.03 

0.92 

223 

108.50     °-5" 

1 4.. 30     . 

44 

44.73     . 

13 

^•■^^j1 

02 

5.65     °- 

• 

0.90 

0.70 

1.03 

0,93 

224 

109.00    ^;5° 

14.75     ^ 

45 

44.84     ^ 

Y 

6.99+° 

□  I 

5.53     °" 

^ 

0.88 

0.71 

1.01 

0.92 

225 

109.48  ,       ^ 

15.19  , 

44.94  , 

6,99 

5.42 

0,86 

0,72 

-LOO 

—0.92 

226 

109.94 +°' 46 

15.63+° 

44 

45.02+° 

08 

6,98—° 

01 

5.31— °' 

I 

0,84 

0,72 

1.00 

0.93 

22T 

110.37     °'43 

16.07     ° 

44 

45.08     ° 

06 

6.97     ° 

01 

5,30     °- 

I 

0.81 

0,73 

LOO 

0.93 

223 

110.78     °'4i 

If..  50     ° 

43 

45.13 

04 

C.96     ° 

01 

5,09     °- 

' 

0.79 

0.74 

0.99 

0.93 

229 

111.18     °-4o 

16.93     ° 

43 

45.14 

6.94     ° 

4.98     °* 

0.77 

0.76 

0.98 

0.93 

°-37 

42 

03 

230 

111.55 

17.35  , 

45.15 

6.91 

4.88 

0.76 

0.73 

—0.97 

—0.93 

231 

llI.89+°'34 

17.76+° 

41 

45.15 

00 

6.88-° 

03 

4,78— °- 

0 

0.74 

0,79 

0.97 

0.93 

232 

112.23     °-34 

18.17     ° 

41 

45.13  ~° 

02 

6.85     ° 

03 

4.68     °- 

0 

0.73 

0.81 

0.96 

0.94 

233 

112.64     °-3i 

n.57     ° 

40 

45.09     ° 

04 

6.80     ° 

05 

4,58     °- 

0 

0,71 

0.83 

0.95 

0,95 

234 

112.83     "-^9 

18.96     ° 

39 

45.04     ° 

°i 

6.75     ° 

05 

4,49     °- 

^9 

0.G9 

0.35 

0.94 

0,96 

0.27 

38 

06 

^9 

235 

"31''^     ,= 

19.34  ,  „ 

44.98 

6.70 

06 
06 

4,40 

0.63 

0.87 

—0.93 

—0,97 

236 

113.35 +°-^5 

19.72+° 

38 

44.91—° 

07 

6.64-° 

4,31—°- 

^9 

0.67 

0.89 

0.93 

0.97 

231 

113.57     °-^'' 

20.09     ° 

37 
36 

44.82 

09 

6.58     ° 

4.23     °' 

33 

0.66 

0,91 

0.93 

0.98 

338 

113.77     °-^° 
113.95     °J^ 

30.45 

44.71 

6.51     ° 

07 
06 

4,16     °- 

=7 

0,65 

0.93 

0,93 

0.99 

239 

20.80     ° 

35 

44.59     ° 

12 

6.45     ° 

4.09     °' 

n 

0.65 

0,96 

0.93 

1,00 

3. "5 

07 

37 

240 

114.U 

31.15 

44.47 

6.38 

4,03 

0.65 

0,98 

—0,93 

—1.01 

33       August,  1873. 
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TABLE  X,  Aeg.  Z.— Continued.                                                               1 

Arg. 

(u.c.O)    Diff. 

(u.s.l)   Diff. 

(u.c.l)    Diff. 

(t..s.2)Diff 

(t!.c.2)  Diff 

(..S.3) 

(v.c.3) 

(V..A) 

C..0.4) 

240 

114.11  , 

21.15  , 

44.47 

6.38 

4,03 

0.65 

0.98 

—0.93 

—1.01 

241 

114.24+° 

13 

21.48+° 

33 

44.33  ~° 

14 

6.30 

05 

3.96 

06 

0.65 

1.00 

0.93 

l.Ul 

242 

114..S6 

12 

21.80 

32 

44.18     ° 

15 
16 
16 
18 

6.23     ° 

07 
08 
08 
08 

3,90 

0.65 

1.03 

0,93 

1.02 

243 

114.46 

08 
06 

22.13 

32 

44.02     ° 

6.15 

3.85 

05 

0.65 

1.05 

0.94 

1,03 

244 

114.54     ^ 

22.43     ° 

30 

43.86     ° 

6.07     ° 

3.80     ° 

°5 
°5 

0.65 

1.07 

0.95 

1,04 

245 

114.60  , 

22.73  , 

28 

43.68 

5,99 

3.75 

0  65 

1.10 

—0.95 

-1.04 

246 

114.63+° 

03 

23.01+° 

43.49     ° 

19 

5.91     ° 

08 

3,71~° 

04 

0,65 

1.12 

0.96 

1.04 

24T 

114.65+^ 

02 

23.29     ° 

28 

43.30     ° 

19 

5.83     ° 

08 

3.68     ° 

03 

1.14 

0.97 

1.04 

248 

114.64 

01 

23.56     ° 

27 
26 
24 

43.10     ° 

20 

5.74     ° 

09 
08 
08 

3.65     ° 

03 

0,66 

1.16 

0.97 

1.05 

249 

114.61     ° 

°3 
06 

23.82     ° 

43.88     ° 

21 

5.66     ° 

3.62     ° 

02 

0.67 

1.19 

0,98 

1.06 

250 

114.55 

24,06  , 
24.30  + 

42.67     ^ 

5.68_^ 

3.60     „ 

0.09 

1.21 

—0.98 

-1.06 

261 

114. 48~ 

07 

24 

43.45 

22 

5.49  ~° 

09 
08 
08 
08 
09 

3,59-° 

01 

0,70 

1.23 

0.98 

1.06 

252 

114.39     " 

09 

24.53 

23 

42.22     ° 

23 

5.41     ° 

3.58     ° 

01 

0.73 

1,24 

0.99 

1,06 

253 

114.39     ° 

10 

24.75 

22 

24 

5.33     . 

3.57"! 

01 

0.73 

1,26 

1.00 

1,07 

254 

114.16     ° 

^3 
15 

24.95     I 

20 

41.74     ° 

24 
25 

5.25     p 

3.57     0 

30 

0.76 

1.28 

1.01 

1,07 

255 

114.01 

25.15  , 
25.34+° 

41.49 

5.16 

3.57 

0.77 

1.30 

-1.01 

—1.07 

25(5 

113.84-° 

•7 

19 

41.24-° 

^5 

6.08-° 

08 

3.57     ° 

00 

0.78 

1.31 

1.01 

1,07 

257 

113.G6     ° 

18 

25.52     ° 

18 

40.98     ° 

z6 

5,01     ° 

□  7 

3.57  ,° 

00 

0.80 

1.32 

1,01 

1,07 

258 

113.45     ° 

21 

25.70     ° 

18 
16 
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480 

154.77 

41.77 

61.25             9.25 

4.82 

1.44 

0.39 

—0.94 

-1.16 
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TABLE  X,  Aaa.  S.^ Continued. 

Arg. 

(o.c.O)    Uiff. 

tr.s.l)     Diff. 

v.o.l)    Dill. '(v.s.2)DifE.j 

u.c.2}l>iif. 

(U.S.  8) 

(..C.3) 

(U.S.4) 

{u.cA) 

480 

154.77  , 

41-Tt  ,      .. 

51.25 

9.25 

4.83 

1.44 

0.39 

0.94 

_1.16 

481 

154.86+°- 

09 

42.20+°-43 

50.53 

72 

9.20 -°-°5 

4. CO        " 

1.39 

0.36 

0.96 

I.IG 

482 

154.93     ''■ 

07 

42.61     °-^' 
42.99     °'3° 

49.80     °- 

73 
76 

9.15     °-°S 

4.39       ■    ' 

1.35 

0.34 

0.98 

1,16 

483 

154.98     °- 

49.04     °- 

9.08           I 

4.17 

1.30 

0,31 

1.00 

1.16 

484 

154.99  + 

43.34       -^5 

48.28     °- 

76 

9.00       -        3.96 

1,26 

0.30 

1.01 

1.16 

^■33 

79 

485 

154.98 

43.f,7  , 

4T.49 

8.90         ,      3.75 

1.20 

0,28 

—1.02 

—1,16 

486 

154. 95  ~^- 

03 

43.98+°'3 

4  fi.fi  9  ~° 

5o 
81 

8.80               3.54"°-^ 

1  15 

0.27 

1.04 

1.15 

487 

154.90     ° 

44.26        ^ 

45.88     ° 

8.69               3.34 

1  10 

0.26 

l.Ofi 

1,15 

488 

154.82     ° 

44.49           ■* 

45.05     ° 

83 

8.57 

S.15     °-"t 

1.04 

0.2fi 

1.08 

1,15 

489 

154.72     ° 

10 

44.71 

44.21     ° 

84 

8.44          ^ 

2.98     °    I 

0.99 

0.2G 

1.09 

1.14 

13 

0.19 

84 

0.14 

0.17 

490 

154.59     „ 

44.90 

43.37 

8.30 

3.81 

0.94 

0.27 

—1.10 

—1,14 

491 

154.45  ~° 

14 

45.05+°- ^5 

42.51—° 

86 

8.U-°-'6 

3.04— °-^7 

0,88 

0.28 

1.11 

1.13 

492 

154.28     Z 

17 

45.18     °-^3 

41.64     ° 

87 

7.98     °'^6 

2.49     °-^5 

0.83 

0.29 

1.12 

i.ie 

493 

154.08     ° 

20 

45.28     °-^° 

40.77     ° 

S7 

7.81     °'^7 

2,34     °-^S 

0.78 

0.30 

1,13 

1.11 

494 

163.87     I 

21 

45.35     °-°7 

39.90     ° 

87 

7.64  °-^y 

2.20     °-'4 

0.74 

0,32 

1.14 

1.10 

24 

0.03 

89 

0.19 

0,13 

495 

153.63 

45.33  , 
45.39  ■'"°°^ 

39.01 

7.45 

2.07 

0.69 

0.35 

—1.15 

—1.09 

496 

153.37~° 

z6 

38.12—° 

89 

7.26-°-^9 

1,95-°-^^ 

0.65 

0.38 

1.16 

1.07 

497 

153.09     ° 

28 

45,37     °-°^ 

37.24     ° 

88 

7.06     °-^° 

1.84     °-^' 

0.60 

0.41 

1,15 

1.05 

498 

152.79     ° 

30 

45.32     °-°5 

36.35     ° 

89 

G.86     °-^° 

1.74     °-'° 

0,56 

0.44 

1,16 

1.03 

499 

152.46     ° 

33 

45.23     °'°9 

35.46     ° 

89 

6.66     °-^° 

l.CG     °-°S 

0.53 

0.47 

1,16 

1.01 

35 

89 

0.07 

500 

152.11 

45.12 

34.57 

6.45 

1.59 

0.49 

0.51 

—1.17 

—0.99 

501 

151.74-'' 

^l 

44.98     °-''' 

33.68-° 

It 

6.23-°'^^ 

1.54 --'■°S 

0.46 

0.55 

1.17 

0.97 

502 

151.36     ° 

33 

44.81     °-^' 

32.80     ° 

88 
88 

G,02     °-^^ 

1.49     °-°5 

0,43 

0.59 

1,1G 

0.96 

503 

150.95     ° 

41 

44. CO     °-^^ 

31.92     ° 

5.80     °-^^ 

1.45     °-°4 

0.41 

0.64 

1,1G 

0.93 

504 

150.52     ° 

43 

44.38     °-" 

31.04     ° 

5.59     °-^' 

1.42     °-°3 

0.39 

0.63 

1.15 

0,91 

44 

0.26 

86 

505 

150.08 

44.12        ,„ 

30.18 

86 
86 

5.37 

1.40 

0.37 

0.73 

—1.15 

—0.90 

50C 

149.61'° 

47 

43.84-°-^** 

29.32^ 

5.15-°-^^ 

1.40     °'°° 

0.36 

0.78 

1.13 

0.89 

507 

148.13     " 

48 

43.52     °-32 

23.46     ° 

4.93     °-^^ 

1'40  ,  °'°° 

0.36 

0,83 

l.I! 

0.87 

508 

148.G3     " 

50 

43.18     ^■■54 

27.G2     ° 

84 

4.72     °-" 

1.43+°-°3 

0.34 

0.87 

1.10 

0.86 

50« 

148.11     ° 

43.83     °'3<' 

2C.80     ° 

82 

4.51 

1.46     °-°3 

0.34 

0.92 

1.09 

0.85 

53 

0.40 

82 

0.05 

510 

147.58 

43.42 

25,98 

4.30 

;',^;+c.o6 

0,34 

0.97 

—1.08 

—0.84 

511 

147.03—° 

55 

43.00-°-'^^ 

25.17—° 

Si 

4.09—°-" 

0,34 

1.02 

1  OG 

0.84 

512 

146.46     ° 

57 

41.56     °-^^ 

24.38     ° 

79 

3.89     °-^° 

I'fi*  izi 

0,35 

1.06 

1.04 

0.84 

51S 

145.87     ° 

59 
60 
61 

41.09     °-'*^ 

23.61     ° 

77 

3.69     °-^° 

1.72     °-°^ 

0.36 

1.11 

1.02 

0.83 

514 

145.27     I 

40.G0     °-'f^ 

22.85     ° 

76 

3.50     °-^9 

1.81     °-°9 

0.37 

1.16 

1.01 

0.83 

0.51 

74 

0.18 

0.09 

515 

144.66 

62 
64 
66 
67 
68 

40.09 

23.11 

3.32                   n 

1,90 

0.39 

1.20 

—1.00 

—0.82 

516 

144.04     ° 

39.fi5~°'S4 
38.99     °-5° 

21.38—° 

73 

2.98        ^ 

2.01+°-" 

0.41 

1.24 

0.98 

0.82 

517 

143.40     ° 

20.68 

70 

2.13 

0.43 

1.28 

0.9G 

0.82 

518 

142.74     ° 

33.41     °-5^ 

3^-81  °:6° 

19.99     ° 

O9 
64 

2.82  °-;^ 

2.66  °;J^ 

2.25     Z'^l 

0.46 

1.32 

0,94 

0,83 

519 

143.07     ° 

19.33     ° 

3.39     ^'^^ 

0.49 

1.35 

0.92 

0.83 

520 

141.39 

69 

36.50^-^3 
35.91     °il 

34.57     °'^^ 

18.08 

2.51 

2.53  ,^  ,, 

0.53 

1.39 

—0.90 

—0.84 

531 

140.70 

18.05-° 

63 
60 
58 

2.38-3 

^■«4     06 
^-OO     016 
3.1G           . 

0.55 

1,42 

0.98 

0.S5 

522 

140.00 

70 

17.45     I 

2-25  °:i 

0.58 

1.44 

0.97 

0.87 

523 

139.29 

16.87     „ 

2-13     °-  ^ 

0.62 

1.47 

0.96 

0,88 

524 

138.57     ° 

73 

16.32 

■55 

2.03 

0.66 

1.49 

0.95 

0.89 

73 

0.70 

■53 

0.09 

0.17 

625 

137.84 

33.87 

15.79 

1.94 

3.51+°-'^ 

0,70 

1.51 

—0.94 

—0.90 

526 

137.10-° 

74 

33.15-°-72 

15.28-° 

■51 

1.80 -°-°S 

0.74 

1.53 

0.94 

0.91 

627 

136.35     ° 

■75 

32.43     °-7^ 

14.79     ° 

.'19 

1.78     °'°^ 
1.72     °-°^ 

3,69     °-'° 
3,87     °-^^ 

0.78 

1,54 

0.93 

0.93 

528 

135.59     ° 

31.70     °-73 

14.34     ° 

■45 

0.82 

1.55 

0.93 

0,95 

529 

134.83     ° 

30.96     °-7'* 

13.91     ° 

■43 

1.67     °-°5 

4.06     °-^9 

0.8G 

1.55 

0.92 

0.97 

530 

.76 

0.74 

.40 

0.04 

0,19 

134.07 

30.22           , 
29.46— °-^'' 

13.51 

1.63 

4.25  , 

0.90 

1.56 

—0,91 

—0,99 

531 

133.30—^ 

■77 
.78 

13.13—° 

■38 

1.60— °-°3 

4.4. +0.19 

0.94 

1.55 

0.91 

1.01 

532 

133.52     " 

28.69     "■" 

13.78     ° 

■35 

1.58     °-°^l4.r3     °'^5 

0.98 

1,55 

0.92 

1.03 

533 

131.73     " 

■79 

27.92     °'" 

12.46     *= 

■32 

1.02 

1.54 

0,92 

1.05 

534 

130.94     ^ 

■79 

27.15     °-" 

12.10     ■= 

■^^ 

1.06 

1.54 

0.93 

1.07 

■79 

0.7S 

.26 

635 

130.15 

.80 
.80 
.80 
.80 
.80 

26.37 

11.90 

1.60               5.18       '   . 

1.09 

1.53 

—0.93 

—1.09 

536 

129.35—^ 

25.58-°- ^9 

11.6G-° 

.24 

l.G2+°-°^i5.3fi+°-'^ 

1.13 

1,51 

0.95 

1.10 

537 

128.55     ^ 

24.81     °-" 
24.03     °-;° 

11.45     ° 

.21 

1.65     ''■^S   5.54     °-^^ 

1,17 

1.50 

0.96 

1.12 

538 

127.75     '^ 

11.26 

.19 

1.70     °-°^!5.72     °-'° 

1.20 

1.48 

0.97 

1.13 

539 

12G.95     "^ 

23.25     °-?^ 

11.10     ° 

.16 

1.7G    °;°^  5.90   °;;^ 

1.23 

1.46 

0,98 

1.14 

540 

120.15 

22.48 

10.98 

1.82             lo.OT 

1.20 

1.43 

—0.99 

—1.15 
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TABLE  X,  Alto.  Z.^ConUnued. 

Ars. 

(v.e.a)    Dil. 

(..s.l)    Diir. 

(i;.c.l)    Diff. 

(u.s.2)  Diff. 

(U.C.2)  Diff. 

(U.S.  3) 

iy.c.^) 

(r.8.4J 

(..C.4) 

540 

126.15        . 

22.48        ., 
21.70^-'' 

10.98 

1.83  , 
1.90+='-°^ 

6-«'  ,       « 
6.23+°-'« 

1.26 

1.43 

—0.89 

—1.15 

541 

125.36-°'J9 

10.8$—° 

10 

1.38 

1.41 

0.91 

1.15 

643 

124.56     °'° 
123.76     °-~ 

20.93    °-" 

10.80     ° 

08 

1.98     °-°^ 

6.39  °-;' 

1.30 

1.38 

0.93 

1  16 

543 

20.16     °-" 
19.40     °-   ' 

10. T5     ° 

05 

2.08     °-^° 

3-"    VA 

1.33 

1.36 

0.95 

1.16 

544 

122.96    °.° 

10.T37° 

2.18     °-J° 

6,69     °-'S 

1.35 

1.33 

0.96 

1.17 

0.79 

0-7S 

+0 

0.14 

645 

122.17        Q 

18.65 

10. Y4  , 

2.29  . 

6,83  , 

1.3T 

1.30 

—0.97 

—1.18 

64.6 

121.37-°'*° 

17,90—    '5 

10.7t+° 

°|!2.40''"°-" 
°^l2.52     ^-^^ 

6,96+°-'3 

1.38 

1.26 

0,99 

1.18 

54T 

120.58    „;' 
119.80    °'. 

"■"  ;■;, 

10.83     ° 

7,08    °-" 

1.40 

1.23 

1.03 

1.18 

548 

16.44      -'3 

10.92     ° 

°9 

^■65     „^ 

7,20      -^^ 

1.41 

1.20 

1.04 

1.18 

549 

119.03    °;JJ 

"8-26       '., 
117.60-°-'' 
116.71     °-  J 

1*-"  °:;; 

11.02     ^ 

13 

2,93  ,       , 

7,31     °-J^ 

1.41 

1.17 

1.06 

1.18 

550 

"■3*^68 
12.99     oS 

11.15  , 

7,41       ' 

1.42 

l.U 

—1.08 

—1.18 

551 

11.31+° 

16 
18 

3.08  ■*■      3 

'•31    „-'s 
7.67     °-°3 

'-'3  rl 

1.42 

1.11 

1.10 

1.17 

553 

11.49 

3.23      -;3 

1.43 

1.08 

1.12 

1.16 

553 

115.99     °'" 

11.69 

20 

'-33    o'  5 
3-3*    IM 

1.41 

1.04 

1.13 

1.15 

554 

"5-2*    o.H 

11.91     ° 

25 

1.41 

1.01 

1.14 

1.14 

555 

114.50 

11.09 -°f 

13.16  . 

3.70  ,       ^ 

7.79  , 

1.41 

0.98 

-1.15 

-_1.13 

556 

113.77— °- '3 

12.43+° 

27 

385 +0.16 

7.83+°-°4 

1  40 

0.95 

1.15 

1.11 

551 

113.05     "■'' 

10.43     °-''^ 

12.11     ° 

z8 

4,02     °-"' 

7.87     °-°t 

1.39 

0.92 

1.16 

1.09 

558 

112.35     °-'° 

9.89     °-59 

13.02     ° 

31 

4,19    °-^' 

7.90    °'°3 

1.38 

0.90 

1.17 

1.07 

559 

111.65    °-'° 

9.32     °-57 

13.35     ° 

33 

4,35     "-■' 

7.92     °-°2 

1..36 

0.87 

1.18 

1.05 

0.69 

0.56 

34 

0.16 

560 

110.96 

110.29-°-'' 
100.63    °-''' 
108.08    °-p 

8.76 

13.09 

-l-Sl    ,            A 

7.93  . 

1.34 

0.85 

—1.19 

-1.03 

561 

8.23-°-S3 

14.04+° 

35 

4.67+°-"' 

7.94+=-°^ 

1.33 

0.83 

1.19 

1.01 

562 

7.71     °-S' 

14,42     ° 

38 

4,84     °-'' 
5,00     °-'' 

7.93-°-°' 

1.30 

0.81 

1.19 

0.99 

563 

6.73    °-t* 

14.81     ° 

39 

7.92     °-°' 

1.28 

0.79 

1.19 

0,97 

564 

108.33    °  /^ 

15.22     ° 

41 

5,16     °-"« 

7.90     °'°^ 

1.26 

0.77 

1.19 

0.95 

0.63 

0.47 

42 

0,16 

665 

107.70        , 
106.48    °-'° 

"-™      o.,^ 

15.64     ° 

3-32  .„  ,. 

7.87 

1.24 

0.76 

—1.19 

—0.98 

666 

5^82-0.44 

lC.07+° 

43 

5,47+°-'S 

7.83 -°-°4 

1.22 

0.74 

1.17 

0.91 

56T 

5-39  °-!5 

16.53     ° 

45 
46 

5,62    °-^5 

7.78     °-°S 

1.20 

0.73 

1.16 

0.89 

668 

105.88     °-«; 
105.30     °-5^ 

4.98     °-|' 
4.60    °-33 

16.98     ° 

3-"  °-;= 

7.73     °-°5 

1.17 

0.72 

1.15 

0.87 

669 

17.46     ° 

47 

5,91      -  4 

7.C7     °-°^ 

1.15 

0.72 

1.14 

0.86 

0.56 

°-37 

48 

0,14 

0.07 

5T0 

l»'l-74    „  „ 

4.23           , 
3.87-°-3' 

17.93  , 

f.,05  ,        , 

7.60 

1.12 

0.71 

—1.13 

-0.85 

671 

104.19-5= 

18.43+° 

49 

6.19+°-"t 

^53-0.08 
7.44     °-°S 

1.09 

0.71 

1.11 

0.85 

572 

103.65        5 

3.54     °-33 

18.93     ° 

5° 

6,32     °-^3 

1.07 

0.71 

1.09 

0.84 

573 

103.13        \ 

3-22    °-3; 

19.42     ° 

5° 

6,44 

7.35     °-°9 

1.04 

0.71 

1.07 

0.83 

574 

102.62   °;S; 

2.93     -9 

19.93     ° 

51 
S3 

^■53     °-j2 

7.2G     °-°9 
0.09 

1.02 

0.71 

1.05 

0.83 

675 

>»2-12    „  ,„ 

2. 05           , 

20.45  ,  ° 

6.68^ 

7.17 

1.00 

0.71 

—1.0* 

—0.81 

576 

100.09     °--^° 

20.97+° 

5' 

6.79+  -" 

7.06~°-" 

0.98 

0.73 

1.03 

0.81 

577 

2.15     "-^^ 

21.49     ° 

52 

8-89     °-'° 

6.95     °-" 

0.95 

0.7a 

1.00 

0,81 

578 

1.92     °-^3 

23.03     ° 

54 

"■'S     o"^2 

6.84     °-" 

0,93 

0.73 

0.98 

0.80 

579 

100.25        ^^ 

l.tl     °'^\ 

22.58     ° 

55 

7.07     °-°' 

6.73     °-" 

0.91 

0.74 

0.96 

0.80 

0.44 

0.18 

54 

0.09 

680 

W-81     „  .. 

1.35-°- '2 
1-19     "  t 

23.13  ,  ^ 

;:'I+o.o3 

7.30     °-°' 
7,36     °-°' 

1,42   °;°^ 

6.61 

0.89 

0.76 

—0.94 

—0.80 

581 

™-39~JlJ 

23.C6+° 

54 

6,48       -^^ 

0.87 

0.-7 

0.92 

0.81 

682 

»-»    0I 

24.21     ° 

55 

5? 

6.35     °-'3 

0.85 

0.78 

0.90 

0.82 

683 

'*-"     0I0 

l.Ofi           3 

24."     ° 

6.23     °" 

0.83 

0.80 

0.88 

0.83 

684 

98.18  °:^| 

97.80 

0.93     ^\\ 

25.33     ° 

6.10     °-^^ 
0.13 

5.97 

0.82 

0.82 

0.87 

0.84 

685 

0.82 

25  88  , 

° 

7,47  , 

0.81 

0.84 

—0.86 

—0.85 

586 

97.43-°-37 
97.07     °-3' 

0^3-0,09 

26.44+° 

S6  ,52+0.05 

5.8.S~°'^4 

0.80 

0.86 

0.86 

0.87 

587 

0.fi5     °'°^ 

27.00     ° 

S' 17.55    °-°3 

5.69           ■* 

0.79 

0.87 

0.85 

0.89 

538 

96.72     °-3S 

0.58     "-"I 

27.56     ° 

55  7.58    ""i 

5.56         ^^ 

0.78 

0.90 

0.84 

0.91 

589 

96.38     °-3-^ 

0.53     °-°5 

•28.12     ° 

S5  7.61     003 

0.42         '* 

0.77 

0.92 

0.83 

0.93 

0-34 

0.03 

56                   O.OI 
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214.46 

1890 

1840 

—194.91 

—183.80 

1890 

—138,39 

—215.13 

190O 

—221.95     , 
228,94-" 

1841 

193.78 

184.38 

1891 

137.27 

215,80 

1910 

99 

1842 

193.64 

184.96 

1892 

136,14 

316.48 

1920 

104.84     "-^4 

336.11     ' 

17 

1843 

191.51 

185.55 

1893 

135.03 

217.17 

1930 

93.75     "■°9 

243.46     ^ 

35 

1844 

190,37 

186.13 

1894 

133.90 

217.84 

1940 

82.72     "03 
10.98 
—  11.14  , 

60.82+"'f 
49.97     '"'"I 
39.19     "■'* 

251.00     ; 

54 

72 

.89 

1845 

—189.34 

—186.72 

1895 

—132.77 

-218.52 

1950 

—258.72 

1846 

188.10 

187,31 

1896 

131.65 

219.20 

1960 

366.61-^ 
274.68     I 
282.93 
291.35     I 

1847 

186.97 

187.90 

1897 

130.53 

219,88 

1970 

.07 

1848 

185,84 

188.50 

1898 

129.40 

220.57 

1980 

,25 

1849 

184.70 

189.09 

1899 

128,28 

231.26 

1990 

28.49     \ll- 

,42 
.60 

1850 

—183,57 

—189.69 

1900 

-127.16 

—221.95 

2000 

—  17.88 

—299.95 

N 

OTE. — The  values  of  (u.s.  1 

aa  ^o.c. 

1)  iniint  lie  laken 
aaiidXVJU. 

Vora  only  one  of  t 

ic;  two  tables 
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TABLE  XVUb. —Concluded. 

Year. 
1500 

(o.s.2) 

(».a2) 

(v.s.Z) 

(«.c.3) 

(p.c.O) 

(M.I, 

(P-Cl) 

Cp.s.2) 

Cp.c-2) 

(p.s.3) 

(p.c.3) 

—153.85  , 
152.43 +°-4^ 

-124.83 

—10.39 

—6.70 

+1379 

—  891 

+2361 

—382 

—158 

—  96 

_  80 

1510 

124,94"°-" 

10.35 

6.70 

1369 

885 

2258 

382 

165 

96 

80 

1520 

153.00     °'^3 

125.06     °-" 

10.31 

6.70 

1359 

881 

2154 

382 

172 

96 

81 

1530 

151-57     °13 

125.19     "-'3 

10.28 

6.69 

1349 

878 

2047 

381 

179 

96 

81 

1540 

-150.69 

150.24 +°'''5 
149.78        *" 
149.32        ''^ 
148.86     °;J^ 

—148.39  , 

12^-2*   cile 

10.24 

6.69 

1338 

877 

1944 

881 

187 

96 

82 

1550 

—125,50 

—10.20 

-0.69 

+1338 

—  873 

+1833 

—381 

—195 

—  96 

—  82 

15(!0 

125,67       -^ 
125.85     ^-'^ 

10,16 

6.69 

1318 

831 

1731 

381 

203 

96 

83 

1570 

10.13 

6,69 

1307 

886 

1623 

381 

210 

96 

83 

1580 

126.04     °-'9 

10.09 

6.69 

1297 

893 

1513 

382 

218 

96 

84 

1590 

126.24     °-^° 

10.05 

6.70 

1386 

901 

1403 

382 

226 

96 

84 

1600 

—126.44 

—10,02 

—6.70 

+1275 

—  911 

+1293 

—383 

—234 

—  96 

—  85 

uuo 

147.92 +°'47 

126.66-°-^^ 

9.98 

6.70 

1264 

923 

1180 

384 

242 

96 

86 

1620 

147.44     °-48 

126,89     °-23 

9.94 

6.71 

1253 

937 

1067 

385 

250 

96 

86 

1630 

146.96     °-4« 

127.13     °-^4 

9.9! 

6.71 

1241 

954 

954 

386 

258 

96 

87 

16i0 

146.48     °'4** 
0.49 

127,38     °-^5 

9.87 

6.72 

1230 

973 

840 

388 

266 

96 

87 

1650 

—145.99  , 

-127.64 

—  9.83 

—6.73 

+1219 

—  992 

+  725 

—389 

—274 

—  96 

— .  88 

1660 

145.50 +°-+9 

127.91-°'*7. 

9.79 

6  74 

1203 

1014 

610 

391 

282 

96 

89 

16T0 

145,00     °-5° 

138.19     °-^^ 

9.75 

6.75 

1197 

1038 

495 

393 

290 

96 

89 

1680 

144.50     °-5° 

128.49     °-3o 

9.71 

6,76 

1185 

1064 

379 

394 

298 

96 

90 

1690 

144.00     °-5° 
— 143.49     °'' 

138,80     °'3^ 

9.67 

6,77 

1174 

1093 

362 

396 

306 

96 

90 

1100 

—129,12     °'^^ 

—  9.63 

-6.78 

+1163 

-1123 

+  145 

—398 

—314 

—  97 

—  91 

1710 

143  98+°-5^ 

129.45  ~°- 33 

9.59 

6.79 

1152 

1155 

+     27 

400 

323 

97 

93 

n^o 

142.47     °-5^ 

129  79     ''■34 

9.55 

6.80 

1141 

1189 

—     92 

403 

331 

97 

92 

1730 

141.96     °-S^ 

130.14     ^^S 

9.51 

6.81 

1130 

1226 

212 

405 

339 

97 

93 

1740 

141.44     °-5^ 

130,51     °-37 
—130.83 

9.47 

6.83 

1119 

1264 

333 

408 

348 

98 

93 

1750 

-140.93     °'' 
140.41+°-5^ 

—  9,43 

—6.84 

+1108 

—1304 

—  454 

—411 

—356 

—  98 

—  94 

1760 

131.37~°'39 

9.39 

6.85 

1097 

1346 

575 

414 

365 

98 

95 

1770 

139.88     ^^-53 

131.67     °'4° 

9.35 

6.87 

1086 

1391 

696 

417 

373 

98 

95 

1780 

139,36     °-5^ 

133.08     °'4^ 

9.31 

6.89 

1074 

1437 

817 

420 

382 

99 

96 

1790 

138.83     °-S3 

132.50     °'4^ 
='■43 

9.3T 

6.90 

1063 

1486 

938 

424 

390 

99 

96 

1800 

—138.31  ,    ■ 
137.79+°-f 

—  9.23 

—6,92 

+1052 

—1536 

-1059 

—427 

—399 

_  99 

—  97 

1810 

133.37-°- 44 

9.19 

6.93 

1041 

1588 

1180 

431 

408 

99 

98 

1820 

137.26     °-53 

1-53.83     °-4S 

134.38     °-l° 

134.76     °;J« 

— 135.25_^  ^^ 

9.14 

6.95 

1030 

1643 

1301 

435 

416 

99 

98 

1830 

136.74     °-5^ 

9.10 

6.96 

1019 

1699 

1432 

439 

425 

100 

99 

1840 

136.31     If^ 

9.06 

6.93 

1008      1753 

1544 

443 

433 

100 

99 

1850 

-135.69  , 
135.17^    = 

_  9.03 

—7.00 

+  997'— 1819 

—1665—447 

—442 

—100 

—100 

1860 

135.75-°-5° 

8.98 

7.02 

986 

1881 

17861     451 

450 

100 

101 

1870 

134.65        = 

136.36        51 

8,94 

7.04 

975 

1945 

1906      456 

459 

101 

101 

1880 

134.13        ^ 

136.73        ^ 

8.90 

7.07 

964 

2012 

2027 

461 

467 

101 

102 

1890 

133.61     l\^l 

137.31     °;53 

8.86 

7.09 

953 

2081 

2147 

466 

476 

101 

102 

1900 

—133.09  ,      _ 

-137.85 

—  8.82 

—7.12 

+  942 

-2151 

—2267 

—471 

—484 

—102 

—103 

1910 

132.57 +°-5^ 

138.40— ^-SS 
138.96     °-56 

8.78 

7.15 

931 

2223 

2386      476 

492 

102 

104 

1920 

132.06     °-5^ 

8.74 

7.17 

921 

3297 

25051     481 

500 

103 

104 

1930 

131.55     °-5^ 

139.53     ^-57 

8.70 

7.30 

910 

2372 

2623 

486 

509 

103 

105 

1940 

131.04     °'-S^ 

140.11     °-^'^ 
"■59 

—140.70       ■- 
141.31-°-^^ 
141.93     °-^/ 
143.56     °-j3 
143.20     -^4 

—143.85 

8.66 

7.22 

900 

2449 

2741 

492 

517 

103 

105 

1950 

—130.54  , 

—  8.62 

—7.25 

+  889 

—2529 

—2859 

—497 

—525 

-104 

—106 

1960 

130.04 +°-5° 

8.58 

7.23 

879 

2611 

2976 

503 

533 

104 

106 

1970 

139.55     "-^^ 

8.54 

7.31 

868 

2695 

3092 

509 

541 

105 

107 

1980 

129.06     °-49 

8,50 

7.34 

858 

3780 

3207 

515 

550 

105 

107 

1990 

128.57     °;J| 

8,46 

7,37 

848 

2867 

3321 

521 

558 

106 

108 

2000, 

—133.09 

—  8.42 

—7.40 

+  838'— 2956 —3434— 527 

—566 

—106 

—108 
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TABLE  XVIII. — Reduction  to  the  Ecliptic,     Augument  j. 


10.00 
9.fi7~ 
9.35 
9.03 
8.70 

8.37 

8.05" 

7.73 

7.42 

7.10 


5,04- 
4,76 
4,49 
4,23 


2.42 
3,23 
2.05 

1,83 
1,13- 

1,58 


1,09- 
0  99 
0.91 
0,84 


0,fi3 
0,64  + 
0.05 
0.08 
0,72 

0.77, 
0.84  + 
0,91 
0.99 


1,20 
1,31  + 
1,44 


2,05  + 

2.23 

2,42 


0,77 

0.72- 

0,IS8 

0.65 

0,64 


6,49         ■^ 

194 

6.80 

l^fi 

,.10+0-30 

13fi 

7.43     ^'S^ 

ia7 

7,73     °-3^ 

128 

0,32 

8.37  , 

130 

8,70+'''33 

131 

9,03     ''■S^ 

13'^ 

9.35     °-33 

133 

9,67     °-3^ 

134 

10.00 

135 

10,00 
10,33  + 
10.65 
10.98 
11.30 

11.63  , 
11, 95"^ 
12.27 
12.58 
12.90 

13.20 

13.51+°- 

13.81 

14.11 

14,40 

14.68  , 


16,96     ^ 

17.18  , 
17.38  + 
17.58 
17.77 
17.95     I 

18.12  , 
18,27"*" 
19.42 
18.56     . 
18,69     I 

18,80 
18,91+^ 
19.01     ' 
19,09     * 
19.16     ^ 

19.33 
19.38+' 
19,33     ' 
19.35     ■ 
19,36 

19,37 


136  315 

136  316 

137  317 

138  318 

139  31 


110 


330 


19,37 
19,36" 
19.35 
19.33 


19,23 
19.16 
19.09 
19,01 
18,91 

18,80 

18.69- 

18,56 

18.42 

18.27 

18,13 
17.95" 
17.77     "■ 
17,58 
17.38     ° 

17.18 
16.96  ~° 
16,74 
16.51 
16.27     ° 

16.02 
15,77^° 
15.51 
15.24 
14.96     I 

14.68  ^ 
14.40  ~^ 
14,11  I 
13.81  ; 
13,51     I 

13.20 
12.90— ' 
12.58     ' 
12.27     ' 
11.95     ' 

11.63 
11.30" 

10.98 
10.65 
10.33 

10.00 
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TABLE  XIX.- 

1 

Peinci 

PAL  TEltM  OF 

THE  Latit 

UDE.     Argument  u. 

180= 

„ 

— 

360° 

190° 

~r~i~ 

350° 

u 
200° 

" 

_ 

340° 

0" 

0 

0.00 

180° 

10° 

8     2.82 

96 
It 

170° 

20° 

15  50.98 

60 

160° 

10' 

0 

8.09 

S 

uy 

50' 

10' 

8  10.78     I 

50' 

10' 

15  58.58     ' 

50' 

20 

0 

1G.18 

09 

40 

20 

8  18.74     I 

40 

20 

16     6.17     I 

59 
58 

40 

30 

0 

24.27 

8 
8 
8 

09 
08 

30 

30 

8  26.69     I 

95 

30 

30 

16  13.75     I 

30 

40 

0 

32.35 

20 

40 

8  34. G4     I 

95 

20 

40 

16  21.32     I 

57 
56 
55 

20 

50 

0 

40.44 

09 
09 

10 

50 

8  43.59     ^ 

95 
95 

10 

50 

16  28.88     ^ 

10 

V 

0 

48.53 

8 
8 
8 
8 
8 
8 

179° 

11° 

8  50.54 

169° 

21° 

16  36.43     , 

159° 

10' 

0 

56. G2 

09 

50' 

10' 

8  68.48     ; 

94 

50' 

10' 

16  43.98     ' 

55 

50' 

20 

4.70 

40 

20 

9     G.4]      I 

93 

40 

20 

16  51.52     " 

54 

40 

30 

12.79 

09 
08 

30 

30 

9  14.34     ' 

93 

30 

30 

16  59.05     I 

53 

30 

40 

20.87 

20 

40 

9  22.26     ' 

92 

20 

40 

u   6.57   ; 

52 

20 

50 

28.9G 

09 
oS 

10 

50 

9  30.18     '- 

92 
91 

10 

50 

IT  14.08     ' 

5' 
50 
49 
48 
48 
47 
46 
45 

10 

2° 

37.04 

8 
8 
8 
8 
8 
8 

08 
08 

08 
08 
08 

178° 

12° 

9  38.09     , 

168° 

22° 

17  21.58     „ 

158° 

IC 

4.^.12 

50' 

10' 

9  45.99     I 

90 

60' 

10' 

u  29.07    ; 

50' 

20 

53.20 

40 

20 

9  53.89     ' 

90 

40 

20 

17  36.55     I 

40 

30 

2 

1.28 

30 

30 

10     1.19     ' 

90 
89 
89 
89 
88 
87 
87 
86 
85 
85 

85 
84 
83 
8.3 

81 

30 

30 

U   44,03     I 

SO 

40. 

2 

9.36 

20 

40 

10     9.68     ' 

20 

40 

n  51.50     I 

20 

50 

2 

17.44 

10 

50 

10  17.57     ' 

10 

50 

17  58,96     I 

10 

3° 

2 

25.52 

8 
8 
8 
8 
8 
8 

08 

177° 

13° 

10  25.46 

167° 

23° 

18     6.41 

157° 

10' 

2 

33.60 

50' 

10' 

10  33.34     ' 

50' 

10' 

18  13.85     I 

44 

60' 

20 

2 

4LG7 

07 
08 

40 

20 

10  41.21      '' 

40 

20 

18  21.28     I 

43 

40 

30 

a 

49.75 

30 

SO 

10  49.08     "^ 

30 

30 

18  28.70     ; 

42 

30 

40 

2 

57.82 

07 

20 

10 

10  56.94     I 

20 

40 

18  36.11     I 

41 

20 

50 

3 

5.89 

07 

10 

50 

11     4.80     ' 

10 

50 

18  43.52     ; 

41 
40 

10 

4" 

3 

13.96 

8 
8 
8 
8 
8 
8 

07 

176° 

14° 

11   12.65     , 

166° 

24' 

18  50.92     , 
18  58.31     ; 

156° 

10' 

3 

32.03 

07 
06 

50' 

10- 

11  20.50     I 

50' 

10' 

39 

50' 

20 

3 

30.09 

40 

20 

11   28.34     ; 

40 

20 

19     5.G8     ; 

37 

40 

30 

3 

38.16 

07 
06 
06 
06 

30 

30 

U  36.17     I 

30 

30 

19  13.05     I 
19  20.40     ' 

37 

30 

40 

3 

4G.22 

20 

40 

11  44.00     I 

20 

40 

35 

20 

50 

3 

64.23 

10 

50 

11  51.83     ' 

10 

50 

19  27.75      ' 
19  35.08     _ 

35 
33 
33 

10 

b" 

2.34 

8 
8 
8 
8 
8 
8 

175° 

15° 

U  59.63     , 

80 
80 

165° 

25° 

155° 

10' 

10.39 

05 
06 

50' 

10' 

13     7.43     ; 

50' 

10' 

19  43.41      ; 

60' 

20 

18.45 

40 

20 

12  15.24     ; 

40 

20 

19  49.72     I 

31 

3° 

40 

30 

2R.50 

06 

30 

30 

12  23.04     ; 

30 

30 

19  57.02     I 

30 

40 

34.56 

20 

40 

13  30.83     ; 

79 
78 
79 
78 

20 

40 

20     4.32     I 

3° 

20 

50 

42.61 

<=5 
04 

04 

10 

50 

13  38.61      ' 

10 

50 

20  11.61     J 

29 

10 

6' 

50.65 

8 
8 
8 
8 
8 
8 

174° 

ie° 

13  46.40     , 

164° 

26° 

20  18.88     - 

26 

154° 

10' 

53.69 

50' 

10' 

13  54.18     I 

50' 

10' 

20  26.14     ' 

50' 

20 

5 

6.73 

04 

40 

20 

13   1.95   ; 

40 

20 

20  33.40     I 

24 

24 

40 

30 

5 

14.76 

03 

30 

30 

13     9.70     I 

30 

30 

20  40.64     I 

30 

40 

5 

23.79 

03 

20 

40 

13  n.45  ; 

20 

40 

20  47.88     ; 

20 

50 

5 

30.82 

°3 
03 

10 

50 

13  25.19     ' 

10 

50 

20  55.10     ^ 

21 

10 

7° 

5 

38.85 

8 
8 
8 
8 

173° 

17= 

13  32.93     , 

163° 

27° 

21     2.31 

153° 

10' 

5 

46.88 

°3 

50' 

10' 

13  40.66     ; 

50' 

10' 

21     9.51      ' 

19 

50' 

20 

5 

54.90 

02 

40 

20 

13  48.39     , 

40 

20 

21  16.70     ; 

40 

30 

6 

2.92 

02 

30 

30 

13  56.11     I 

30 

30 

21  23.88     ; 

30 

40 

G 

10.94 

02 

20 

40 

u   3.82   ; 

V 

20 

40 

21  31.06     ' 

16 

20 

50 

G 

18.93 

J 

01 

10 

50 

14  n.52     ^ 

69 
69 
68 
67 
67 
66 
65 
65 
64 
63 
62 
61 
60 

10 

50 

21  38.21      ' 

14 

10 

8= 

G 

26.96 

8 
8 
8 
8 

172° 

18° 

14  19.21     . 

162° 

28° 

21  45.35 

152° 

.    10' 

G 

34.97 

01 

50' 

10' 

14  26.90     I 

60' 

10' 

21  62.49     ^ 

14 

50' 

20 

6 

43.97 

00 

40 

,20 

14  34.58     I 

40 

20 

21  59.61     ' 

12 

40 

30 

G 

50.97 

00 

30 

30 

14  42.25     I 

30 

30 

22     e.73     ' 

12 

30 

40 

58.97 

00 

20 

40 

14  49.93     ; 

20 

40 

22  13.83     I 

10 

20 

50 

6.96 

7 
g 

99 

10 

50 

14  57.58     J 

10 

50 

22  20.92     J 

09 
08 

10 

9= 

14.96 

171° 

19° 

15     3.23     . 

161° 

29° 

22  28.00 

151° 

10' 

22.95 

99 

y8 
98 

50' 

10' 

15  12.88     I 

50' 

10' 

23  35.07     ' 

07 

50' 

20 

30.93 

40 

20 

15  20.53     I 

40 

20 

22  43.12     ' 

°5 

40 

30 

38.91 

30 

30 

15  38.15     ' 

30 
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0,00 

1.13 

0.07 

0,36 

0.18 

90 

0.66 

1.35 

0.03 

6,19 

3.43 

0.17 

0,16 

0,00 

0.94 

0.13 

0,35 

0.13 

100 

0.59 

1,34 

0.03 

6.02 

3.15 

0.17 

0,15 

O.Ol 

0.77 

0.25 

0.33 

0,09 

110 

0.52 

1.32 

0.04 

6,81 

2.87 

0.18 

0,14 

0.02 

0.66 

0.41 

0.29 

0,07 

120 

0.46 

1.30 

0.04 

5.56 

2.57 

0.19 

0,12 

0,04 

0.62 

0.60 

0.25 

0,06 

130 

0.40 

1.27 

0.04 

5,39 

3.26 

0,20 

O.n 

0.06 

0,64 

0.77 

0.32 

0.06 

140 

0.34 

].24 

0.05 

4.99 

1.96 

0.20 

0.10 

0,08 

0,72 

0.91 

0.20 

0.07 

150 

0.28 

1.20 

0.05 

4.68 

1.66 

0,20 

0.09 

0.0!) 

0,83 

1.00 

0.18 

0.08 

IfiO 

0.23 

1.15 

0.05 

4.36 

1.38 

0.30 

0.08 

0.10 

0,95 

1.04 

0.17 

0,09 

170 

0.19 

1.10 

0.06 

4.03 

1. 11 

0.20 

0.08 

0,11 

1.04 

1,04 

0.17 

0,10 

180 

0.15 

1.04 

0.06 

3.69 

0.86 

0.19 

0.07 

0,11 

1,11 

1,01 

0.16 

0,10 

190 

0.12 

0.98 

0,06 

3.36 

0,65 

o.n 

0.07 

0.11 

1.14 

0.97 

0,14 

0.11 

200 

0.09 

0.92 

0.06 

3.03 

0.56 

0,16 

0.08 

0,11 

l.U 

0,93 

0,13 

0,12 

210 

0.07 

0.86 

0,06 

2.71 

0.32 

0,14 

0.08 

0,11 

1,11 

0.91 

0.11 

0,13 

220 

0.06 

0.79 

0,06 

2.39 

0,20 

0.12 

0.09 

0.10 

1.07 

0.91 

0.10 

0.15 

230 

0.05 

0.72 

0,06 

2.08 

0,13 

0.11 

0.11 

0.10 

1,02 

0.92 

O.IO 

0.18 

240 

0.05 

0.66 

0,07 

1.77 

0,08 

0.09 

0.13 

0,09 

0.98 

0.96 

0.10 

0.21 

250 

0.06 

0.59 

0,07 

1.48 

0.08 

0,07 

0,15 

0,09 

0.96 

1.00 

0.12 

0.23 

2fi0 

0.08 

0,52 

0,07 

1,21 

0.10 

0.05 

0,17 

0.08 

0.95 

1.05 

0.14 

0.25 

2T0 

0.10 

0.46 

0.08 

1,05 

0.16 

0.03 

0,20 

0,08 

0.94 

1,09 

0.16 

0.26 

280 

0.13 

0.40 

0,08 

0.72 

0.26 

0,03 

0,22 

0.07 

0.95 

1.13 

0.19 

0,26 

20O 

0.16 

0.34 

0.09 

0.53 

0.38 

0.01 

0.25 

0.06 

0.95 

1.16 

0.23 

0,25 

300 

0.20 

0.28 

o.io 

0.35 

0.54 

0.01 

0.27 

0.06 

0.94 

1.18 

0.23 

0.23 

310 

0,25 

0.23 

0.11 

0.22 

0.73 

0.01 

0.29 

0.06 

0,93 

1.20 

0.24 

0,21 

320 

0,30 

0.19 

0.12 

0.12 

0.94 

0,02 

0,31 

0.07 

0,91 

1.22 

0,33 

0.19 

330 

0.36 

0.15 

0.13 

0.06 

1,18 

0,03 

0.33 

0.08 

0.88 

1.25 

0.23 

0.18 

3i0 

0,42 

0.12 

0,14 

0.04 

1.44 

0.05 

0.35 

0.09 

0.86 

1.28 

0.20 

0.17 

350 

0.48 

0.09 

0.15 

0.06 

1,72 

0.07 

0.36 

0.09 

0,84 

1.34 

0.18 

0.17 

3fi0 

0.54 

0.07 

0,16 

0.13 

2.01 

0.10 

0,37 

0.10 

0,85 

1.40 

0.16 

0.18 

370 

0.61 

0.06 

0,17 

0.31 

2,31 

0.13 

0,37 

0,11 

0,88 

1.46 

0.15 

0.19 

380 

0.68 

0.05 

0,18 

0.34 

2.62 

0.16 

0,37 

0.12 

0.92 

1.61 

0.14 

0.30 

.390 

0.74 

0.05 

0.19 

0.50 

2.92 

0.19 

0.36 

0,12 

0,98 

1.54 

0.13 

0.21 

400 

0,81 

0.06 

0.20 

0.70 

3.24 

0.23 

0.35 

0.11 

1.03 

1.54 

0.13 

0.22 

410 

0.88 

0.08 

0.20 

0.93 

3,54 

0,26 

0,34 

0.10 

1.07 

1,50 

0.12 

0.23 

430 

0,94 

0.10 

0.21 

i.n 

3,84 

0.30 

0.33 

0.08 

1.06 

1,44 

0,12 

0.25 

430 

1.00 

0.13 

0.21 

1.45 

4.14 

0.33 

0.31 

0.06 

1.01 

1,37 

0.12 

0.27 

440 

1.06 

0.16 

0.21 

1.75 

4.42 

0.36 

0.29 

0.04 

0.91 

1,30 

0.13 

0.29 

450 

1.12 

0.20 

0.21 

2.06 

4,70 

0.38 

0,27 

0.03 

0.77 

1.28 

0.12 

0.32 

460- 

1.17 

0.25 

0.21 

2  39 

4.96 

0.40 

0,25 

0.03 

0.61 

1.31 

0.14 

0.35 

4T0 

1,21 

0.30 

0,20 

2.72 

5.30 

0,41 

0,23 

0.01 

0.47 

1.40 

0.17 

0.38 

4S0 

1.25 

0.36 

0.19 

3.06 

5.43 

0,42 

0,21 

0.01 

0.36 

1.56 

0.2L 

0.39 

490 

1.28 

0.42 

0.18 

3.39 

6.62 

0,42 

0.20 

0.01 

0.32 

1.76 

0.27 

0.39 

500 

LSI 

0.48 

0,17 

3.71 

5.T9 

0.43 

0.18 

0.01 

0,36 

1.96 

0.32 

0.37 

510 

1.33 

0.54 

0,16 

4.03 

5.92 

0.41 

0,17 

0.01 

0.46 

2,15 

0,37 

0,33 

530 

1.34 

0.61 

0.14 

4.31 

6.01 

0.39 

0.16 

0.03 

0.62 

2,21 

0.40 

0,27 

530 

1.35 

0.68 

0.13 

4.58 

6.06 

0.38 

0.16 

0,03 

0.81 

2.35 

0,40 

5.20 

540 

1.35 

0.74 

0,11 

4,84 

6.08 

0.35 

0.15 

0.03 

1.00 

2.34 

0.38 

0.14 

550 

1.34 

0.81 

0.10 

5.07 

6.04 

0,33 

0.15 

0.03 

1.18 

2.26 

0.33 

0.08 

560 

1.32 

0.88 

0,09 

5.28 

5.98 

0.30 

0.15 

0.04 

1.31 

3,11 

0.27 

0.05 

570 

1,30 

0.94 

0.07 

5.48 

5.88 

0,28 

0.16 

0.04 

1.41 

1.94 

0,20 

0,04 

580 

1,27 

1.00 

0.06 

5.67 

5.75 

0.36 

0.16 

0.05 

1,48 

1.74 

0,14 

0,07 

590 

1.24 

1.06 

0.05 

5.84 

5.59 

0.23 

0.17 

0,06 

1,53 

1.54 

0,10 

0,11 

COO 

1,20 

1.12 

0.04 

5.99 

5,43 

0.91 

0.17 

0,06 

1,58 

1.34 

0,07 

0,17 
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THE   ORBIT   OF   URANUS. 
Table  XXUI. 


Year. 

(6...0) 

(6.8.1) 

ib.c.l) 

{b.s.2) 

(6.C.2) 

Year. 

(b.c.O) 

C6.S.1) 

(6.C.1) 

(6.S.2) 

(6.C.2) 

1300 

-1-0.66 

—3.85 

—12.74 

— -0.34 

—0.97 

1800 

+0.15 

—4,60 

—6.00 

—0.44 

—0.46 

1310 

0.65 

3,81 

12.65 

0.34 

0.96 

1810 

0.14 

4.68 

5.80 

0,45 

0,45 

1320 

0.64 

3.78 

12.56 

0.34 

0.95 

1820 

0.13 

4,75 

5.61 

0,45 

0.44 

1330 

0.62 

3.74 

12,46 

0.34 

0.94 

1830 

0.12 

4.83 

5,41 

0,45 

0,43 

1340 

0.61 

3.70 

12.37 

0.34 

0.93 

1S40 

0.11 

4.92 

6,21 

0,46 

0.42 

1350 

+0.60 

—3.66 

—12,27 

— 0.S4 

—0.92 

1850 

+0.10 

—5.00 

—5,00 

—0.46 

—0.41 

iseo 

0.59 

3.63 

12.17 

0,34 

0.90 

1860 

0.09 

5.09 

4.79 

0.47 

0.40 

13T0 

0.58 

3.60 

12.07 

0.34 

0.89 

1870 

0.08 

5.18 

4,58 

0.47 

0.39 

1380 

0.57 

3,57 

11.97 

0.34 

0.88 

1880 

0.07 

5.27 

4.36 

0.48 

0.38 

1390 

0.56 

3.54 

11.86 

0.34 

0.87 

1890 

0.06 

6.36 

4.14 

0,48 

0.37 

UOO 

+0.55 

—3.51 

—11,76 

—0.35 

—0.86 

1900 

+0.05 

—5.45 

—3.92 

—0.49 

—0.36 

lilO 

0.54 

3.48 

11.65 

0.35 

0.85 

1910 

0.04 

5.55 

3.69 

0.49 

0.35 

U20 

0.53 

3.46 

11.54 

0.35 

0.84 

]920 

0.03 

5.64 

3.46 

0.50 

0.34 

H30 

0,52 

3.44 

11.43 

0.35 

0.83 

1930 

0.02 

5.74 

3.32 

0.50 

0.33 

1440 

0.51 

3.43 

11.33 

0.35 

0.83 

1940 

+0.01 

5.84 

2.97 

0.50 

0.32 

1450 

+0.50 

—3,42 

—11,21 

-0.35 

—0.80 

1950 

0.00 

—5.94 

.-«3 

—0.51 

—0.30 

14fi0 

0,49 

3-41 

11.10 

0,35 

0.79 

1960 

—0.01 

6.04 

2.48 

0.51 

0.29 

14T0 

0.48 

3.40 

10.98 

0.36 

0.78 

1970 

0.02 

6.14 

2,24 

0.52 

0.28 

1480 

0.46 

3.40 

10.85 

0,36 

0.77 

1980 

0.04 

6.25 

1.99 

0.52 

0.27 

1490 

0.45 

3.40 

10.74 

0.36 

0.76 

1990 

0.05 

6.36 

1.73 

0.52 

0.26 

1500 

+0.44 

—3,40 

-10,62 

—0.36 

—0.75 

2000 

—0.06 

—6.47 

—1.47 

—0.53 

-0.35 

1510 

0.43 

3,40 

10.50 

0.36 

0.74 

2010 

0.07 

6.58 

1.21 

0.53 

0.24 

1520 

0.42 

3.41 

10.38 

0.36 

0.73 

2020 

0,08 

6.69 

0.94 

0.54 

0.23 

1530 

0.41 

3,43 

10.36 

0.37 

0.73 

2030 

0,09 

6.80 

0.66 

0.54 

0.23 

1540 

0.40 

3.43 

10.14 

0.37 

0.71 

2040 

0.10 

6.92 

0.38 

0.54 

0.20 

1550 

+0.39 

—3.45 

—10,01 

—0.37 

—0.70 

2050 

—0,11 

—7.03 

—0.10 

—0.55 

—0.19 

1560 

0.38 

3.47 

9,88 

0.37 

0.70 

2060 

0.12 

7.14 

+0.18 

0.55 

0.18 

15T0 

0.37 

3.49 

9,75 

0.37 

0.69 

2070 

0.13 

0.47 

0.56 

0.17 

1580 

0.36 

3,51 

9,61 

0.37 

0.68 

2080 

0.15 

7!37 

0.76 

0,56 

0.16 

1590 

0.35 

3.53 

9.47 

0.38 

0.67 

2090 

0.16 

7.48 

1.05 

0.56 

0.15 

1600 

+0,34 

—3,56 

—  9.33 

-0.38 

—0.66 

3100 

—0.17 

—7.60 

+1,35 

—0.57 

—0.14 

IfilO 

0,33 

3.59 

9.19 

0.38 

0.65 

2110 

0.18 

7.72 

1.65 

0.57 

0,13 

1620 

0.32 

3,62 

9.05 

0,39 

0.64 

2120 

0.19 

7.84 

1,96 

0.57 

0.12 

1G30 

0.32 

3.65 

8.90 

0.39 

0-63 

3130 

0.31 

7.97 

2.27 

0.58 

0.10 

1«40 

0.31 

3.69 

8.75 

0.39 

0.62 

2140 

0.23 

,     8.09 

2.58 

0.58 

0.09 

1(550 

+0.30 

—3,73 

—  8.60 

—0,39 

-0.61 

2150 

—0,23 

—8.21 

+2,90 

—0,58 

—0.08 

1660 

0.29 

3.77 

8.44 

0,40 

0.60 

2160 

0.24 

8.33 

3.22 

0.59 

0.07 

1670 

0.23 

3.81 

8.39 

0,40 

0.59 

2170 

0.25 

8.44 

3.54 

0.59 

0,06 

16S0 

0.37 

3.85 

8,13 

0.40 

0.58 

2180 

0.27 

8.56 

3.87 

0,59 

0.05 

1690 

0.26 

3.90 

7.96 

0.41 

0.57 

2190 

0.28 

8.68 

4.30 

0,00 

0.03 

noo 

+0.25 

—3.95 

—  7.79 

—0.41 

—0.56 

2200 

—0.29 

—8.80 

+4.54 

—0,60 

—0,02 

mo 

0,24 

4,00 

7,63 

0.41 

0.55 

3210 

0.30 

8  92 

4.88 

0.60 

—0.01 

1T20 

0,23 

4,06 

7. 46 

0.42 

0.54 

2220 

0.31 

9,04 

5.23 

0.61 

0.00 

1730 

0,22 

4.12 

7.39 

0.43 

0.53 

2230 

0.33 

9.J6 

5  58 

0.61 

+0,01 

1140 

0.31 

4.18 

7.13 

0.42 

0.53 

2240 

0.34 

9.28 

6.94 

O.Cl 

0.03 

IT50 

+0.30 

—4.25 

-  6,95 

-0.43 

—0.51 

2250 

-0.35 

—9.40 

+6.29 

—0,62 

+0.04 

1760 

0.19 

4.33 

6.77 

0.43 

0.50 

2260 

0.36 

9.52 

6.65 

0,62 

0.05 

IT70 

0.18 

4.38 

6.58 

0,43 

0.49 

2270 

0,38 

9.64 

7.01 

0.63 

0.07 

1780 

0.17 

4,45 

6.39 

0.44 

0.48 

2280 

0.39 

9,76 

7.37 

0.63 

0.08 

1790 

0.16 

4.53 

6.20 

0.44 

0,47 

3290 

0.40 

9,88 

7.74 

0.63 

0,10 

1800 

+0.15.'— 4.60 

—  6.00 

—0.44 

—0.46 

3300 

—0.42 

—10.00 

+8.10 

—0,64 

+  0,11 
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TABIE  FOK  FORMHG  THE  PRODUCTS  OF  GIVEN  NUMBEKS  BY  THE 
SINE  OK  COSINE  OF  A  GIVEN  ANGLE. 


This  table  is  formed  for  the  especial  purpose  of  facilitating  the  formation  of  the 
products  (v.s.S)  sin  Sg,  {v.c.^)  cos  3y,  etc.,  (p.s.l)  siu  g,  (p.c.  I)  cos  g,  for  entire  degrees 
cf  g.  It  is  so  arranged  that  the  required  products  can  be  taken  out  at  sight. 
Supposing  the  number  to  be  given  in  seconds  and  decimal  fractions  of  a  second, 
we  first  seek  the  given  angle  at  the  top  or  bottom  of  the  page,  and  then  enter  one 
of  the  first  nine  lines  of  the  table  with  the  fraction  part  of  the  second,  interpolating 
for  the  hundredths.  We  then  add  the  result  mentally  to  the  number  corresponding 
to  the  entire  seconds.  The  algebraic  signs  at  the  sides  of  the  angles  are  those  of 
the  sines  or  cosines  corresponding  to  the  angle  and  to  the  column  above  or  below. 
If  the  number  docs  not  exceed  3"  we  can  enter  the  table  as  if  it  were  ten  times 
greater,  and  remove  the  decimal  point  one  place  to  the  left  in  the  result. 

For  example,  to  find  the  value  of 

2l".67  sin  280^  +  2".25  cos  280° 
we  find  the  angle  280°  at  the  bottom  of  a  pair  of  columns,  the  right  hand  one  being 
the  sine  column.  Entering  this  column  with  0.67  as  the  argument,  we  find  0.66. 
Entering  with  2.1,  we  find  20.68,  to  which  adding  0.66,  we  have  2I".34  as  the 
sine  product.  Entering  the  other  column  with  22.5,  and  moving  the  decimal  point, 
we  find  0".39  for  the  cosine  product.  Noticing  the  algebraic  signs  on  each  side 
of  280°,  we  find  the  result  to  be  —  21".34  -{-  0".39  =  —  20".95. 
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TABLE   OP   PRODUCTS   OP   SIHES   AKB   COSISES. 


+      1°+ 

+      2"  + 

+      3"+ 

+ 

4°+ 

+ 

5°+ 

-i-ri9  — 

+  178  - 

+  m  — 

+  176  — 

+  175  — 

—  181  — 

—  182  ~ 

—183  — 

—184  — 

—  185  — 

—359  -J- 

—358  + 

-357  + 

—  356  + 

—355  + 

sin 

cos 

sin 

COS 

Bin 

cos 

sin 

cos 

sin 

cos 

0.1 

0.00 

0.10 

0.00 

0.10 

0.01 

0.10 

0.01 

0.10 

0,01 

0.10 

0,1 

0.2 

0.00 

0.20 

0.01 

0.30 

0.01 

0.30 

0.01 

0.20 

0,03 

0.20 

0.3 

0.3 

0.01 

0.30 

0.01 

0.30 

0.03 

0.30 

0.03 

0.30 

0.03 

0.30 

0,3 

0.4 

0.01 

0.40 

0.01 

0.40 

0.03 

0.40 

0.03 

0.40 

0.03 

0.40 

0,4 

0.5 

0.01 

0,50 

0.02 

0.50 

0.03 

0.50 

0.03 

0.50 

0.04 

0.50 

0.5 

0.6 

O.OI 

.  0.60 

0.02 

O.CO 

0.03 

0,60 

0.04 

0.60 

0.05 

O.CO 

0.6 

0.1 

0.01 

0.70 

0,02 

0.70 

0.04 

0.70 

0.05 

0.70 

0.06 

0.70 

0.7 

0.8 

0.01 

0.80 

0.03 

0,80 

0.04 
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